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ABSTRACT. 
New chemistry is reported of 2-amino-5-bromo-3,4-dicyanopyrrole which is one of 
the most easily accessible electron rich 2-aminopyrroles. The connectivity was 
confirmed by X-ray crystallography. A cyan dye was formed from reaction with the 
photographic developer 4-diethylamino-2-methylaniline in the presence of potassium 
persulfate. The aminopyrrole was alkylated with methyl iodide to give the 1-methyl 
derivative that was relatively stable to oxidation. The site of alkylation was 
determined unambiguously by X-ray crystallography. Alkylation on the exocyclic 
nitrogen was performed by condensation with carbonyl compounds followed by 
reduction. Acylation reactions gave the 2-acylamino derivatives with no reaction at 
the ring nitrogen. Debromination of 2-amino-5-bromo-3,4-dicyanopyrrole was 
accomplished either by tributyltin hydride with AIBN or by hydrogenolysis. 
Methoxymethylene Meidrums acid was reacted with 2-amino-5-bromo-3,4-
dicyanopyrrole and other heterocyclic amines to give condensation products that 
under flash vacuum pyrolysis (FVP) conditions gave fused [5,6]bicycles. 
2-Methylpyrazolo[ 1 ,5-a]pyridinol and its 2,3-dimethyl and 2-ethyl-4-methyl 
analogues were synthesised in two steps from appropriately substituted pyrazoles 
using an FYP procedure. These compounds gave poor dyes on reaction with oxidised 
developer and their preferable coupling site was ascertained. A trifluoromethyl 
derivative was also synthesised to discover the effect of an electron withdrawing 
group on the colour of the dye. 
The pyrrolo[1,2-d][1,2,4]triazin-4-one system was identified as another potential 
colour coupler and the parent compound was synthesised from 2-formylpyrrole and 
ethyl carbazate. Derivatives of this heterocyclic ring system were made from pyrrole 
carbonyl compounds such as commercially available 2-acetylpyrrole, (which led to 
I-substituted derivatives) and substituted-2-formylpyrroles such as 3-cyano-2-
formylpyrrole to give derivatives with substituents in the pyrrole ring. The acidity of 
these derivatives was determined and the results used to design the synthesis of the 
active cyan colour coupler 1 -trifluoromethylpyrrolo[ 1 ,2-d] [1 ,2,4]triazin-4-one from 
v 
2-trifluoroacetylpyrrole. A comprehensive structural study of this ring system was 
carried out. 
Other potential heterocyclic colour couplers were investigated including 3-
hydroxypyrroles such as ethyl 3-hydroxy-5-methylpyrrole-4-carboxylate and 3-
hydroxy- 1 -phenylpyrrole-4-carboxylate. X-ray crystallography showed that ethyl 3-
hydroxy-5-methylpyrrole-4-carboxylate existed as the pyrrolone in the solid state. 
The keto-enol tautomerism of these 3-hydroxypyrroles in solution was examined. 5-
Cyano- 1 -methyl-3-hydroxypyrrole was synthesised from Meldrum's acid derivatives 
using FVP technology and the thiophene derivatives 5-p-t-butylphenylthiophen-3-
one and 5-thienylthiophen-3-one were made following a similar route. X-ray 
crystallography of the 7-membered systems 2,4-bis(trifluoromethyl)- 1,5-
benzodiazepine and 7-phenyl-2,3,4,5-tetrahydro- 1 ,4-diazepine-5-one was performed. 
The reaction of 2,4-bis(trifluoromethyl)-1,5-benzodiazepine with oxidised developer 
gave an intense red dye. 
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1.1 	 Basics of the photographic process. 
There are three basic steps that are needed to produce a photograph of an object or 
scene. Initially, the exposure to light of the radiation sensitive material causes a 
reaction to occur that produces the latent image, and then this latent image is 
developed by a number of chemical reactions to give the visible image. Finally the 
image is made permanent by a process called fixation. 
1.2 	 Black and White Photography. 
The light sensitive compounds that are used in monochrome photography are in 
almost all cases, silver halides that when exposed to light, the silver ions are reduced 
to metallic silver. 
2AgX(s) 	
light 	
2Ag(s) + X 2 (g) 
X= Cl, Br, I. 
This formation of silver from the silver halide by the action of light is not an efficient 
process; it takes a few minutes to obtain a visible image. Thus, with a short exposure 
to light only a small amount of metallic silver is formed (a few atoms); this is called 
the latent image. This acts as a catalyst in the following development stage when the 
developer reduces exposed silver halide in the region of the latent image. The 
quantity of silver formed is directly proportional to the amount of exposure. 
The crystals of silver halide that have not been exposed to light do not undergo 
development and remain virtually unchanged. These are removed from the film by 
reaction with a solution of sodium thiosulfate (hypo); otherwise they would darken 
with the eventual exposure to light. 
AgX (s) + nNa 2S203 (aq) 	) 	Na 1 1Ag(S 203)n]  (aq) + NaX (aq) 
This process gives a negative record of the original, a positive record is possible by 
an image transferral process in which the unexposed silver halide complex is 
transferred on to another support coated with a reagent that changes the complex to 
metallic silver. This negative can also be exposed onto photographic paper to give 
the positive image. 
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1.3 	 Colour Photography. 
To gain an understanding of coloured images a basic knowledge of the human eye is 
required. Most human eyes can detect the blue, green and red regions of the visible 
spectrum; these colours are called the additive primary colours' as all three added 
together give white light. 
At the beginning of the 19th  century George Palmer and Thomas Young 2 proposed 
independently that the human eye can register coloured objects by the excitation of 
three different colour receptors. These receptors are selectively sensitive to red, blue 
and green light. In 1861 James Clerk Maxwell projected light beams of these three 
colours on to a screen and he found that when the three colours were superimposed, 
white light was produced. Thus these colours were called the additive primary 
colours. 
Maxwell produced the first colour photograph by exposing three photographic plates 
through three coloured filters (red, blue and green) to a scene. The filters were used 
so that only the colour reflected by the subject reached the camera material. These 
plates were developed and then the positive silver image was made from each 
negative. Then this positive was projected through its own filter and when all three 
were combined a full colour photograph was produced. Thus Maxwell proved the 
trichromatic theory suggested by Palmer and Young that is now known as the 
Young-Helmholtz theory. 
If the three additive primaries red, blue and green are beamed on to a screen and 
superimposed but not fully overlapped, three other colours are produced, cyan, 
magenta and yellow are seen in the overlaps (also white when all three overlap). 
These three colours are known as the subtractive primary colours as each of these 
absorbs the primary to which it is complementary and transmits the other two. Thus 
when two of these colours are mixed, two primary colours are absorbed and one is 
reflected. 
Figure 1 shows the complementary additive primary colours that are produced when 
two or more of the subtractive primary colours are combined. As can be seen green 
is produced from cyan and yellow, red from yellow and magenta and blue from 
magenta and cyan. All three subtractive primary colours combine to give black 
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whereas the three additive primary colours give white when they are combined. 
Figure 1. 
The full colour image can be produced by the arrangement of three separate layers of 
gelatine upon one another as shown in figure 2. 




	Green Light Register 
Red Light Register 
Fiore 2. 	
Support (Paper or Film) 
This is known as the integral tripack, each layer of gel consists of an emulsion of 
silver halide crystals together with a chemical known as a colour coupler. This 
coupler will react with the oxidised developer in the processing stage and produce 
the cyan, magenta or yellow dye that is required. As can be seen there is a yellow 
filter in the tripack system, this is due to the fact that both the red and green-sensitive 
layers have a natural sensitivity to blue light and the yellow filter removes the blue 
light that has passed through the first layer. 
	
Ideal absorption 	 Actual absorption 
Yellow Magenta Cyan 
Yellow Magenta Cyari 
141~ 
400 	500 	600 	700 
	
400 500 600 700 
Wavelength (ran) 	Figure 3. 	Wavelength (rim) 
The dyes that are produced by the reaction of the colour couplers with the oxidized 
developer have to fulfill a number of requirements. They must obviously provide 
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good colour reproduction, have heat, light and moisture stability and the dyes must 
be immobile to avoid migration into the adjacent layers to prevent colour 
contamination. In theory, the three coloured dyes should absorb only in their specific 
wavelength ranges, i.e., 400-500 nm for a yellow dye, 500-600 nm for a magenta 
dye, and 600-700 nm for a cyan dye. The yellow dye gives its absorption maxima at 
450 nm, the magenta dye at 550 nm and the cyan dye at 650 nm. However, in reality 
there is some overlapping of the absorption curves as shown in figure 3. 
In the three layers of the film there are other chemicals called sensitising agents 
which cause the various layers to be sensitive to the particular wavelengths of light 
required (each layer is sensitised to its individual colour). In colour photography 
these sensitising agents are cyanine dyes. 
1.4 	 Colour Developers. 
In virtually all cases the developing agent used to produce the coloured dyes from the 
three colour couplers is a derivative of p-phenylenediamine. 
H2N 
—b—Nl~ R" 
Varieties of developing agents were introduced to improve various aspects including 
the solubility of the development agent in alkaline media, the rate of dye formation, 
the rate of development of silver and the control of the dye hue of the image. 
Other possible new developing agents have been investigated  these have involved 
the aminopyrazoline 1, however this gave a dye hue that was too deep to be of use. 
The aminopyrazole 2 did give a magenta dye, which is claimed to have a better and 






Another developer that has shown to produce promising dyes is the julolidine 3, as 
can be seen it is a cyclic version of the standard phenylenediamine developers and it 
5 





Although these alternative developers are always of interest, it must be said that a 
change in the developing agent would require the co-operation of all of the millions 
of photographic "shops". This is because the developer is the external agent that is 
applied at the processing stage and the large scale of processors would have to 
change their developing solutions. Thus, the search for improved dyes has to 
concentrate on the properties of the colour coupler as this is contained in the film or 
paper and different couplers exist in different makes of product. Therefore different 
shades of dyes are produced from different brands although all the films are 
developed at the same laboratory. 
The p-phenylenediamines aie by far the most common colour developers and in 
general, electron-withdrawing groups reduced the rate and electron-donating groups 
increased the rate of development. 
A number of substituents have been used to alter the properties of the 
phenylenediamine developer, these groups are always in the position ortho to the 
primary amino group (see 4). This is because attachment in the other position would 
cause steric interference with the tertiary amino group NR2 and result in loss of 
activity of the developer. The most common groups in this position are methyl, ethyl 







1.5 	Dye Formation: Reaction of Developer with Coupler. 
As mentioned earlier, the first step in the colour photographic process is the 
formation of the latent image that consists of a few atoms of silver. This latent image 
is reduced by the developing agents which are the p-phenylenediamine derivatives 
and thus the developing agents are oxidised themselves. It has been shown that the 
rate determining step in the whole dye-forming process is the silver ion reduction and 
this reduction produces a highly reactive semiquinone cation radical 6. The lifetime 
of this unstable species is increased by resonance stabilisation; further oxidation 
gives the quinonediimine ion 8. Two competing routes form this ion (scheme l); 






















This is followed in one case (Route A) by reaction of a molecule of silver halide with 
the neutral radical 7. The alternative reaction (Route B) is the disproportionation to 
7 
give the original p-phenylenediamine S and the quinonediimine 8. 
The quinonediimine ion 8 is the reactive species that reacts with the colour coupler 9 
to give the colourless leuco dye 10 (scheme 2). The coupler is symbolised by 
ZCHXY 9 where Y and Z represent parts of a chain or ring structure and X is equal 













There are two types of colour coupler; the two-equivalent coupler and the four-
equivalent coupler. In the case of the four-equivalent coupler there is no substituent 
at the coupling site (X=H), the leuco dye 10 requires further oxidation to give the 
image dye (scheme 3). The leuco dye 10 is oxidised by the quinonediimine ion 8, 
and as each ion 8 is produced by the reaction of the developer with two equivalents 
of silver, four equivalents of silver halide are required in total for the formation of 
the dye. 
The leuco dye 10 cannot eliminate X as an anion as X is equal to hydrogen; it 
transfers an electron to the quinonediimine ion 8 to produce the neutral radical 7 and 
the radical cation 11. 
/ 
y—c—x HN 





I N—&N Y—cx \ R 
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Scheme 3. 
The radical cation 11 is is deprotonated to the radical 12 and then oxidised to 13 and 
finally X (=H) is removed by the base to give the dye molecule 14 and one 
equivalent of the p-phenylenediamine starting material 5. 
For the case of the two-equivalent coupler, the leuco dye 10 is deprotonated by the 
base to make the anion 15 and then a leaving group X is ejected to give the dye 
molecule 10. 
z 	 z 






NR2 	 NR2 	 NR2 
11 15 10 
Scheme 4. 
This is only possible if X is equal to a good leaving group such as a halide or alkoxy 
group (known as a coupling off group). Colour couplers that have these coupling off 
groups require two less equivalents of the silver oxidiser as the leuco dye can 
eliminate HX. Thus they are known as two-equivalent coupler as only two 
equivalents of silver are required. 
The process involving two equivalent couplers requires less silver and thus is less 
expensive and the use of a smaller quantity of silver permits the coating of thinner 
layers that lead to sharper images. The two equivalent colour couplers also are more 
efficient in the dye formation process as fewer by-products are made, leading to 




Coupling Off Groups. 
One of the terms used in the chemistry of the photographic process is the coupling 
off group. This term is given to a substituent on the coupling site that is eliminated 
during the dye formation process. 
Coupling off groups are good leaving groups and most of these are halogens such as 
chlorine and bromine and alkoxy moieties, but there are a number of more groups 
involving complex heterocyclic systems, some of which are given below. 





17 	 18 
DO 	I Bz 
OX '~"O 	N 
20 	 21 
As can be seen the coupling off group 16 is an extension of the use of alkoxy groups. 
The groups 20 and 21 have been used for yellow colour couplers whereas the other 
heterocycles were all cyan coupling off groups. 
The coupler containing the tetrazole group 18 is known as a development inhibitor 
release coupler, this is due to the fact that when the phenylmercaptotetrazole is 
released from the coupler during the formation of the dye, the development within 







There are three types of colour coupler used in colour photography; yellow, magenta 
and cyan colour couplers. These are organic molecules and obviously the different 
colours are produced from different types of compound. There are certain groups of 
compounds that have been used as colour couplers in the past and these are in the 
open literature, 5 but there is an ongoing search for new couplers to replace the ones 
that are presently used. These classical couplers fall into five groups of compounds. 





R = But, Ph 
The two acetanilides above are the most important yellow couplers but there have 
been reports of other systems such as benzisoxazolones 6 and indazolones. 7 
The magenta couplers that have been used are the 2-pyrazolin-5-ones 23, the 





The cyan dyes that have been used in the past have normally been obtained from 









In general, the dye forming part of the coupler is a relatively small section of the 
coupler and in many cases this section consists of a mono, di or tricyclic system as 
shown above. However, the couplers as a whole are large compounds consisting of 
long hydrocarbon residues with up to 30 carbon atoms. These large groups are 
incorporated into the couplers to hold the couplers in the appropriate layer because if 
they were not secured, then the couplers would not produce the correct dyes and an 
even covering of dye. This "non-wandering" requirement is necessary in all 
couplers, as it is essential that they do not migrate into the incorrect layer. The large 
groups (known as ballasts) can be either inbuilt as an integral part of the coupler 
preparation or they can be attached in an extra stage of the coupler synthesis. An 
example of this is the reaction of an external group for instance an amino group with 
a "ballast" compound such as a long chain acid chloride. 
Since this thesis is concerned with the developments towards novel colour couplers, 
a more extensive discussion of coupler chemistry is given in sections 2.1, 2.2 and 
2.3. 
1.8 	 Self coupling of developing agent. 
It has been shown that the coloured dyes are formed by the reaction of the coupler 
with the oxidised developer, the quinonediimine ion 8. However, as this 
quinonediimine ion is highly reactive there are a number of competing side reactions 
that can occur. These involve the attack of alternative nucleophiles to the coupler 
anion such as the hydroxide ion or the sulfite ion leading to sulfonation, deamination 












The quinonemonoimine 28 is produced from attack of a hydroxide ion on the 
13 
quinonediimine 8 (scheme 5). This can create difficulties, as the compound 28 can 
react with the coupler molecules to form unwanted dyes. 
Another undesirable side reaction is the formation of the red azo dye 29 by the self-
condensation of the developing agent. This occurs when there is a high 
concentration of p-phenylenediamine 8 (scheme 6). The rate of reaction was shown to 
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1.9 	 Bleaching and Fixing. 
Once the quinonediimine has reacted with the colour coupler to form the dye, there is 
residual silver metal and unexposed silver halide remaining. These must be removed 
and this is accomplished by passing the film through a bleach solution and then into a 
fixing solution. The bleaching agent such as a ferric EDTA complex oxidises the 
silver metal to ionic silver and itself is reduced to a ferrous EDTA complex. 
AQeNa[EDTA] 	o AgFeNa[EDTA] 
14 
The fixing agent that is used is sodium thiosulfate (hypo) and this complexes with 
the unexposed silver halide to form a soluble silver-thiosulfate complex 30 that is 
washed away off the film. 
AgX(s) + nNa2S2O3 (aq) 	30 	Na2n lAg(S203)n] (aq) + NaX(aq) 
30 
1.10 	 Alternatives to silver processes 
In all the previous examples, silver has been used as the material that is radiation 
sensitive. However, there are other "unconventional" processes that have been used 
in a variety of commercial applications. One such technique is known as the diazo 
process' that is used in areas that require a monochrome rather than a full colour 
system. It is well known that no dyes are highly coloured, that they are synthesised 
from diazonium salts and that these diazonium salts are unstable to light (near 
ultraviolet and blue light). The photolysis of these diazonium salts gives non-dye 
forming decomposition products. Therefore the areas that do not receive any 
exposure are still active and thus can react with the "coupler" to form the no dye. 
This represents a direct positive system. 
The coupler is either employed in a one component system where it is incorporated 
into the developer solution, or the coupler is contained in the coated layer with the 
diazonium salt this is termed a two component system. 
The diazonium salt and the coupler must fulfil certain requirements. The salts must 
be stable at moderate temperatures but have sufficient sensitivity to radiation and it 
must be able to withstand mechanical shock. Also, the no dyes must be stable and 
formed quickly and the photolysis products must be colourless. 
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1.11 	 Non-Chemical Photography 
There are many alternatives to the conventional wet-chemistry methods of producing 
pictures. In recent years there have been many advances in the use of electronic 
photography and digital cameras. Electronic photography involves the conversion of 
light from an object into an electronic signal. Instead of the silver halide being used 
to store the image information, the image information is stored either on magnetic 
tapes or disks and an electronic printer is required to produce the final "print". 
This year9 there has been a photographic show exhibiting a number of modem 
techniques that produce pictures that are not photographs, these include 
photogravures, pigment transfer prints, screenprints, platinum palladium prints and 
combinations of these processes. 
Although there are many technological advances being made the traditional 
photographic process is still used worldwide and the search for the "perfect picture" 
will continue. 
16 
2. COLOUR COUPLERS. 
17 
2.1 	 Yellow Colour Couplers. 
There is really only one type of compound that has been used as a yellow dye-
forming coupler. These are acetanilides and the main derivatives are cz—pivaloyl and 
cz—benzoylacetanilides. There are only a few studies of these compounds in the open 
literature. 
Kunimine' ° described the synthesis of a number of benzoylacetanilides from the 
reaction of acetoacetic esters with aniline derivatives in 1952 (scheme 7). Many 
compounds have been made since with a great deal of variation of the groups on 
either end of the molecule, from a variety of substituents on the two phenyl rings to a 
number of different heterocyclic moieties. 
R'= Ph, But 
o 





The synthesis of a (x-pivaloylacetanilide was reported in the former Czechoslovakia 
in 1979." 5-(2-Chloro{ acetoxy } -4,4-dimethyl-3-oxo-pentanoylamino)-isophthalic 
acid dimethyl ester 30 was made, however its synthesis and its uses are not clear. 
30 
X=CLOCOMe 
However the synthesis is very straightforward and it follows the same route as above 
(scheme 7). Compound 30 has one of the leaving groups (X) at the coupling position 
It] 
(2), thus these derivatives are useftil as yellow colour couplers due to the presence of 
these coupling off groups. 
2.12 	 a-Benzoylacetanilides 
Kitahara ci al made the benzoylacetanilide 33 (from 3,5-dimethoxyaniline 31 and 
ethyl 4-methoxybenzoyl acetate 32) as an intermediate in the synthesis of a quinoline 
alkaloid of Chiococca Alba. 12  Compound 33 has three methoxy groups on the two-
phenyl rings, and in this case the compound was not used as a yellow dye forming 
coupler but if it had been reacted with an oxidised developer the hue of the dye 
would most likely have been affected by these electron donating groups. 
NH2 














The route used was first published 13  in 1941 and the dimethoxyani line starting 
material was synthesised from the equivalent nitro compound. 
An alternative benzoylacetanilide 36 with another ether moiety on the benzene ring 
was also synthesised. The 2,4-dimethoxy-6-nitrophenol starting material was 
benzylated to give the benzyl ether 34 and this was reduced to the aniline 35 that was 
treated with ethyl 4-methoxybenzoylacetate 32 to give the acetanilide 36 in 86% 
yield (scheme 9). 
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Scheme 8. 	 33 
The route used was first published 13  in 1941 and the dimethoxyaniline starting 
material was synthesised from the equivalent nitro compound. 
An alternative benzoylacetanilide 36 with another ether moiety on the benzene ring 
was also synthesised. The 2,4-dimethoxy-6-nitrophenol starting material was 
benzylated to give the benzyl ether 34 and this was reduced to the aniline 35 that was 
treated with ethyl 4-methoxybenzoylacetate 32 to give the acetanilide 36 in 86% 
yield (scheme 9). 
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CF3CONH H 454 
C3 1-17CONH H 450 
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2.13 	 Yellow Azamethine Dyes. 
A study 14  of the effect on the visible properties of the yellow dyes produced by the 
oxidised development of fluorinated yellow colour couplers has shown that the 
yellow couplers with fluorinated substituents give dyes of the structure 37. It is 
stated that these dyes containing trifluoroacetamido groups show increased 
values compared to the non-fluoro derivatives, the dyes studied are given in table 1. 
Table 1. 
37 
As mentioned earlier there are not many examples of these yellow colour couplers in 
'a] 
the academic literature, thus the above review is quite brief. 
However, many patents have been published that cover these types of couplers and 
include the introduction of coupling off groups and large moieties to act as ballasts. 
Compound 30 included the chioro and the acetate coupling off groups, many other 
more complex heterocyclic groups have been covered in the patent literature such as 
20. 	 EtOBz 
ONO 
20 
A number of ballast groups have also been incorporated and these are generally 
positioned in the benzene ring of the aniline moiety at the 3-position, such 
substituents include hexadecylsulfonamido and dodecyloxycarbonyl. 
21 
2.2 	 Magenta Colour Couplers. 
In contrast to the yellow colour couplers, there is a large quantity of literature 
available on compounds that are magenta colour couplers. Thus, there is rather more 
detail in this section which includes all aspects of three of the most important 
magenta coupler compounds. 
2.21 	 2,4-Dihydropyrazol-3-ones. 
2.21.1 	 Synthesis. 
2,4-Dihydropyrazol-3-ones have been used as magenta dye forming colour couplers 
for 90 years. The most common and obvious route to these dihydropyrazolones was 
the condensation of phenylhydrazines with benzoylacetic and acetoacetic esters 
(scheme 10). 




As mentioned earlier two of the requirements for a molecule to be a successful 
colour coupler were the inclusion of a coupling off group and for the compound to 
have the necessary substituents for the inclusion of a large ballast group. The above 
parent 2,4-dihydro-2,5-diphenylpyrazol-3-one 38 had no immediate facility for 
attachment of a ballast. There were two possible solutions, one was the use of 
substituted phenyl groups but an alternative method was the replacement of the 
acetic esters with cyano compounds that led to 5-aminopyrazolones and these had the 
ballasting potential through acylation of the exocyclic amino group. 
22 
Various 5-amino-2-arylpyrazol-3-ones were prepared' 5 from ethyl cyanoacetate 40 
and arylhydrazines 39, by the method of Conrad and Zart (scheme 11). 16 
NHNH2 a + 
39 
Scheme 11. 
Kim et a117  studied an alternative route of making certain substituted pyrazolones. 
This was the first synthesis of these compounds without the use of arylhydrazines as 
the source of the two adjacent nitrogens in the pyrazolone ring. 
The synthesis was not as straightforward as they had thought. Their initial attempt 
was to aminate directly 41 to give N-amino-2-cyanacetanilide and cyclise this to the 
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It was known that the addition of hydroxylamine to 2-cyanacetanilides gave 
amidoximes 42 and it was hoped that these could be dehydrated to give the 




with acetic anhydride and heated to give the 1,2,4-oxadiazole 43. The oxadiazole 
was rearranged by treatment with an inorganic base to give the 3-acylamino-1-
phenyl-2-pyrazolin-5-one 44 and hydrolysis of this gave the 3-aminopyrazolone 45, 
which could be reacted with the long chain ballasting acid chlorides. 
Alternatively, the ballasting acid chloride could be used instead of the acetic 
anhydride in the first stage of the reaction, thus producing the ballasted coupler 
directly. It was found that this direct reaction gave the product in much higher yield, 
higher purity and the rearrangement reaction proceeded at a much faster rate. 
There are many studies of simple reactions involving the attachment of potential 
ballast substituents to the amino group of the pyrazolones. These include simple 
acylations with acid chlorides and reduction of these acyl derivatives leading to 
alkylated products.' 9 
As shown in scheme 13 the reaction of the aminopyrazolone 46 with formic acid and 
dicyclohexyl carbodiimide gave compound 47 and not the compound 48 with the 
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However 5-formylamino-2-phenyl-2,4-dihydrO-pyraZol-3-one 48 was produced on 
reaction of the 46 with formic-acetic anhydride. 
It was shown that 3-aminoalkyl derivatives 49 could be produced by the acylation of 
46 followed by reduction with lithium aluminium hydride. Conversion of the 3-
acylaminopyrazolones 50 into 3-anilino derivatives 51 is possible for certain 
compounds by the Smiles rearrangement. 20 
NaOH 	lip 
EtOH (aq) 
50 	Scheme 14. 	51 
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Coupling Off Groups. 
A large number of four-equivalent pyrazolone couplers (Table 2) were chlorinated 
with sulfuryl chloride (scheme 15) in a 1966 patent 21  to give the two-equivalent 
couplers including the ballasted pyrazolone 52. 
	
2 	 2 
R Cl 	R 
S02C12 
MCI3, HC1 	O 
N 
II 
Scheme 15. 	R 
Table 2. 
rt 
The major problem with the attachment of a coupling off group on to the pyrazolone 
ring was that direct halogenation generally gave the 4,4 dihalo derivatives 53 as the 
major product, especially if the 3-position is substituted with an anilino or acylamino 
group. The original method for selective reduction to the monohalo derivative 54 




Et3HN 	Ar 	 Ar 
53 	 Scheme 16. 54 
A new method 23 utilising ascorbic acid and an organic base such as triethylamine 
followed by acidification (scheme 16) was performed, and this process proved more 
successful and it was shown to reduce other dihalogenated systems such as 2,2-
dihalo-1,3-indanedione to the monohalo derivatives. 
2.23 	 Azamethine Dye Formation. 
The magenta dye derived from the pyrazolone nucleus has the structure 55. 
Gerbaux24 and Brown et a125  have studied the effect that changing the substituents X, 
Y and Z has on the absorption curve of the subsequent azamethine dyes. 
NEt2 
55 
It was found in both cases that there are two absorption bands present in the 
absorption spectra and that these two bands respond independently to changes in 
structure and solvent. The effects of changing the substituents on the dye curve are 
given below in table 3 (alcohol as the solvent) with the shift in the wavelength from 
the "parent" dye (X = Ph, Y = Me, Z = H). 
27 
Table 3. 
Compound X Y Z nm Xshift 
A Ph Me H 530 - 
B Ph N1712 H 509 -21 
C Ph CO2Et H 566 +36 
D H Me H 525 -5 
E p-NO 2C6H4 Me H 536 +6 
F H Ph Me 554 +24 
G Ph NH2 Me 524 -6 
H Ph CO2Et Me 575 +45 
I p-NC-05H4 Me Me 535 +5 
J p-NH2C6IL Me Me 546 +16 
It can be seen that the most significant effect on the Xm of the above dye curves is 
when Y is equal to the electron withdrawing ethyl ester group, whereas if Y is equal 
to an amino group the Xmax of the major curve is shifted in the opposite direction. 
The effect of the substituents on the phenyl ring of the developing agent have very 
little effect but it was generally concluded that the methyl group in the ortho position 
of the phenylenediamine created the best dye product. 
A variety of solvents were used and their effect on the properties of the dyes was 
reported and in general the Xm of the dyes are shifted to higher wavelength with 
increased polarity of the solvent (cyclohexane-methanol). 
The dyes produced from the standard pyrazolone magenta colour couplers with an 
alternative group on the ring nitrogen have been studied. 26 A benzimidazolyl 
substituent was used in the place of the substituted phenyl group that was generally 
in the I-position on the pyrazolone ring. It was claimed that the use of this nitrogen 
heterocycle gave the magenta dyes that were subsequently formed a curve in the 
visible spectrum with a reduction in the unwanted blue absorption that was present in 
the previous pyrazolone examples. 
92 
The couplers were prepared from the 2-hydrazinobenzimidazole 56 (scheme 17). 
R 
NHNH2 




R = Alkyl, Aryl, Heterocyclic 
R'= H, Halogen, Alkyl, Alkoxy 
Scheme 17. 
A number of photographic colour couplers that contain perfluoroalkylcarboxamido 
groups have been studied. One such pyrazolone magenta coupler 27  was 5-
(2,2,3,3 ,4,4,4-heptafluoro-butyrylamino)-2-phenyl-2,4-dihydropyrazol-3-one 57 and 
this gave a dye with absorption at 547 nm on development with the aromatic primary 
amine developer 4-diethylamino-2-methylaniline 4. 
MFA 
A possible means of improving the coloured dyes formed from these pyrazolones 
was suggested in 1957. The patent 28 gave details of the synthesis of fully substituted 
pyrazolones such as 58 that would give colourless products on reaction with the 
oxidised developer reagent. 
cc-Phenylacetoacetic acid ethyl ester 
5929  was reacted with 3-nitrophenyihydrazine 
60 as previoUsly described to give 61 which was hydrogenated and acetylated to give 
the "ballasted non-coupler" 58 (scheme 18). 
These compounds were used to take up the excess oxidised developer and thus 
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Scheme 18. 
Another fully substituted 5-acetylamino-4-isopropyl-2-phenyl- 1,2-dihydropyrazol-3-
one 62 was prepared from 3-amino-1-phenylpyrazolone 46 by reaction in an excess 
of acetone at 100 °C with hydrogen in the presence of Raney nickel, followed by 
acetylation with acetic anhydride (scheme 19).. 
I.i 
2.H2 / Raney Ni 
3. AcOAc 
Ac 
M. 	 62 
Scheme 19. 
Formation of azo dyes rather than azamethine dyes. 
A number of 3-substituted pyrazolinones have been shown to react with diazotised 
amines to give their respective no dyes and the structure of these dyes in various 
solvents has been studied. 3° 
Various 3-substituted-i -phenyl-4-phenylazo-2-pyrazolin-5-ones 63 have been 
studied to establish in which of the following forms the molecules exist. The four 
structures 63 A-D are the possible forms. Structure C had been proposed as the most 
0111 
likely form in chloroform by a number of authors. 
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R= Me, NFIPh 
However in other solvents the azo dyes exhibited various tautomeric forms. 
It was shown that when R = Methyl, the isomer exists in almost 100 % in form C. 
The dyes were shown to exist as a mixture of forms B and C in DMSO-d6 and 
pyridine-d5 solutions. 
The anilino derivative was proposed to exist entirely in the hydrazone form C in 
chloroform, DMSO at 38 °C and pyridine at - 40 °C, but at 38 °C in pyridine the 
molecule exits as mixture of C and the enol-azo form B. 
2.22 
	
1H-Pyrazolo[5. 1-cl 1 ,2.4-triazoles 
The original method for the formation of IH-pyrazolo[5, 1-c] 1 ,2,4-triazoles followed 
the multi step reaction (scheme 20). 4-Ethoxycarbonyl-3-methylpyrazol-5-
y1hydrazine 6331  was condensed with a variety of aldehydes to obtain the hydrazones 
64. These were oxidatively cyclised by the treatment of bromine in acetic acid in the 
presence of sodium acetate to form the ethyl 1H-pyrazolo[5,1-c}1,2,4-triazole-7-
carboxylates. Hydrolysis with sulfuric acid followed by decarboxylation when 














1.H2SO4 	 >r_N\ 




Due to the complexity of the above process a new simplified method was required. 
Bailey 31  attempted to find a shortcut to these pyrazolotriazoles by the condensation 
of thiocarbohydrazide 32  66 with ethylacetoacetate in ethanol. However, the only 
product obtained was the pyrazolinone 67 in each case (scheme 21). 
H2NANH2 
I 	I 
II H 	 H 
66 
Scheme 21. 	 67 
An alternative route was examined and it was found that when thiocarbohydrazide 66 
was alkylated with methyl iodide to give S-methylisothiocarbohydrazide hydroiodide 
68, and when this was heated with ethyl benzoylacetate the 1H-pyrazolo[5,1-c]1,2,4-
triazole 69 was produced (scheme 22). 




68 	 Scheme 22. 
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A number of pyrazolotriazole 33  derivatives were synthesised with hydroxy and 
methoxymethyl substituents. Ethyl 6-methyl-3-(2,4,6-trimethylphenyl)- 1 H-pyrazolo 
[5,1-c] 1 ,2,4-triazol-7-ylcarboxylate 70 was hydroxylated with a mixture of 
trifluoroacetic acid, boron trifluoride diethyl etherate and hydrogen peroxide 
34  to 
give the alcohol 71 in good yield. However the same reaction mixture was used with 
the 7-bromo-6-methyl-3-phenyl- 1H-pyrazolo[5, 1-c] 1 ,2,4-triazole 72 but the 
bromoalcohol was very unstable and the 7-unsubstitued pyrazoltriazole 73 gave an 
intractable mixture with the same reagent. / 
R 
Me—J,N 
71 R X 
70 2,4,6-Me3-C6H2 CO2Et 
72 Ph Br 
73 Ph H 
An alternative route with the dichioro derivative 74 gave 75 on reaction with 








76 	 Scheme 23. 
A further route to these pyrazolotriazoles was found in 1980 when the chemistry of 
33 
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The diazotisation of 5-amino-4-bromo-3-phenylpyrazole gave the diazonium 
chloride 77, this was coupled with a-chloroacetylacetone to yield the 
chlorohydrazide 78 which was easily cyclised with triethylamine in benzene to give 
3-acetyl-6-phenyl-7-bromopyrazolo[ 1,5-cl-i ,2,4-triazole 79 (scheme 24). 
X-Ray Studies 
As mentioned earlier, there are a number of requirements that a good colour coupler 
needs. The extent of crystallinity of a ballasted coupler once it is dispersed in the gel 
is of great importance, as a highly crystalline substance will not give an even 
covering of dye on development. This microscopic form is of great importance and 
Blanton and Chari 36  in the Kodak laboratories in Rochester studied the dispersed 
phase microstructure of the pyrazolotriazole magenta colour coupler SOwith a typical 
ballast group at the 3-position. This was dispersed in a colloid gel and its 
microstructure was studied by wide-angle X-ray diffraction and Raman 
spectroscopy. 
The transformation of the colloid in an aqueous dispersed phase from a solution to a 
34 
macroscopic gel was monitored over a 72 h period at a temperature of 23 °C. 
121 
They discovered that the initial dispersed phase remains amorphous and consists 
almost entirely of spherical particles. The three dimensional crystalline order is not 
evident after 24 h and crystallisation only begins after 48 h, but it is until a period of 
72 h that the phase consists of mostly crystalline elements. 
2.22.1 Magenta azamethine dyes from pyrazolo[1,5-cll,2.4-triazoles. 
Bailey 31  also looked at the light absorption properties of the dyes formed from these 
pyrazolotriazoles and tabulated the absorption maxima and the extinction coefficients 
for a number of dye compounds 81 in various solvents. 
81 
The sixteen dye derivatives that were examined are summarised in table 4. 
35 
Table 4. 
Derivative X Y Derivative X Y 
A Me Ph H Me o-F-C6H4 
B Me o-Me- C6H4 I Me p-F- C61-14 
C Me o-Me- C61-14 J Me 0-NO2- C61-14 
D Me Mesityl K Me p-NO2- C51-14 
E Me o-Cl- C6144 L Me n-hexyl 
F Me p-Cl- C5F14 M Ph SMe 
G Me 2,6-Cl2- C61-13 N p-NO2 C6144 SMe 
1. Solvent dependence. 
When the dyes were dissolved in methanol and ethyl acetate the absorption curve 
that was produced had a single absorption band, but with cyclohexane the band is 
resolved as a doublet, this loss of fine structure in the more polar solvents was 
attributed to the hydrogen bonding between the dye molecules and the solvent. 
As the polarity of the solvent increases the absorption maxima shift to shorter 
wavelengths (bathochromic shifts) 
The range of extinction coefficients for the dyes A-N in different solvents is given in 
table 5. 
Table 5. 
Extjntion coefficient Greatest Smallest 
Methanol 73400(l) 47800 (L) 
Ethyl acetate 65100 (F) 46400 (L) 




secondary peak for compound (L) was too small to De measurcu. 
The above table (5) gives the extreme values for the extinction coefficients of the 
dyes A-N (table 4). As can be seen the dyes with the greatest extinction coefficients 
are (A), (F) and (I) and these dyes have the substituent Y equal to phenyl, p- 
"Ii 
chiorophenyl and p-fluorophenyl. Thus, this benzene ring is involved in resonance 
and its presence is important for large extinction coefficients of these dyes. 
The dye with the lowest extinction coefficient was (L), this has substituent Y equal to 
n-hexyl and it is clear that these low values were due to the lack of a benzene ring for 
involvement in the resonance. 
Absorption properties. 
It was shown that all these "new" dyes had improved absorption properties (no 
secondary blue absorption, higher extinction coefficients and a sharper cut-off on the 
cyan side) over the corresponding pyrazolinone dyes 55. 
The range of maxima of the absorption curves of these dyes was from 596 nm (N, 
methanol) to 520 nm (D, cyclohexane) for the primary peak. The secondary peak in 
cyclohexane solution had a range of maxima from 518 nm (A) to 495 nm (D). The 
smallest of the maxima for both peaks are from dye compound (D) that has Y 
substituent equal to mesityl, the size of this bulky substituent interacts with the 
intensity of the dye. 
The substituents on the bicyclic sytem affected the propeties of the dyes particularly 
the groups in the 3-position. The compounds with an aromatic group in this position 
showed bathochromic shifts of up to 25 nm in comparison to the compound with the 
n-hexyl group in the 3-position. This was explained by the suggestion that the 
phenyl ring in these dyes contributed to the resonance systems. It was also found that 
a p-nitro group in the phenyl ring gave deeper dyes and a bathochromic dispacement 
of 12 nm, whereas when Y was equal to a p-tolyl group the absorption maxima was 
sifted hypsochromically by 5 nm compared to the unsubstituted dye. 
The dyes that showed absorptions with hypsochromic shifts compared with the 
parent compound (A) all had a substituent in the ortho-position of the phenyl ring. 
This was due to the phenyl ring being twisted from coplanarity with the 
pyrazolotriazole by steric effects; the largest effect was due to the bulky group on the 
mesityl substituent. 
A number of pyrazolo[5, 1-c]! ,2,4-triazole azomethine dyes with a wide variety of 
substituents were prepared (Table 6) and the rates of thermal syn-anti isomerisation 
37 
were measured . 37 The effects on this isomerisation about the C=N bond with respect 












It was found that the rates of isomerisation was independent of both changes in 
solvent or electronic substituent effects and the greatest effect by far was the steric 
hindrance about the C=N bond. 
Conclusion 
The pyrazolo[5, I-c] 1 ,2,4-triazole system has not replaced the standard pyrazolone as 
both are still in use as magenta colour couplers in a number of applications. The 
pyrazolotriazoles generate dyes with better hues their major advantage being the lack 
of the secondary blue absorption, but the stability of these dyes is generally poorer 
than those, derived from the pyrazolones and also the pyrazolones are less expensive 
to manufacture. 
2.23 	 Pyrazolo[5, 1-b] 1,2,4-triazole 
An isomeric compound of the above pyrazolo[5,1-c]1,2,4-triazo!e that is also a 
magenta colour coupler is pyrazolo[5, 1-h] 1 ,2,4-triazole 82, this ring system has been 




In a recent paper, 39  a large number of alkylated pyrazolo[5,1-b]1,2,4-triazole 
derivatives were synthesised and evaluated for activity as angiotensin II receptor 
antagonists. The key starting materials were 3-aminopyrazole derivatives 83, these 
were reacted with imidate hydrochlorides to give the amidine hydrochlorides and 
upon treatment with hydroxylamine the N-hydroxyamidines 84 were produced 
(method A). 4°  An alternative route to these N-hydroxyamidines was by treatment of 
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Scheme 26. 
An alternative route to this system is from I ,2,4-triazoles. The I ,2,4-triazole 85 was 
synthesised from I ,3,4-oxadiazole 86 and benzylamine, 4 ' treatment of 85 with 
hydroxylamine-O-sulfonic acid gave the N-aminated salt 87. Acylation and 
cyclisation with acetic anhydride gave the bicyclic product 88, which was 
subsequently hydrolysed and debenzylated to give the pyrazolo[5, 1 -b] 1 ,2,4-triazole 
89 (scheme 27) 
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Scheme 27. 





These dyes 90 have been formed by oxidative development as before. Their light 
absorption properties42  are given in table 7 and compared with the two other magenta 
dyes previously discussed. 
Ell 
Table 7. 
55 78 90 
Xmax (EtOAc)/nm 527 521 527 
Emax 6.0 x io 5.3 x io4 5.5 x io4 
Secondary Absorption / nm 430 - - 
W 112 /nm 67 66 66 
As can be seen the two pyrazolotriazole couplers give dyes that have very similar 
light absorption properties with no second absorption. The [1,5-b] dyes have a larger 
extinction coefficient than the isomeric pyrazolo[ 1,5-c] 1 ,2,4-triazoles. 
2.3 	 Cyan Colour Couplers. 
2.31 	 Phenols. 
2.3 1.1 	 Synthesis. 
For many years almost all of the cyan colour couplers that have been used have been 
derivatives of phenol. The most popular ones were the compounds that had the basic 
phenol skeleton with the added requirements previously discussed, notably a 
coupling off group and the position for attachment of a ballast. There is often an 
aminoacyl group in the 2-position to act as a ballast and the most common coupling 
off groups were halogens. The 2-position was used for the aminoacyl group as the 
hydrogen forms a hydrogen bond with the oxygen on the benzene nucleus in the 
subsequent dye structures and this hydrogen bond helps to give the cyan dye the 
correct hue. 
R 	
R = alkyl, and 
o 	R?=CL alkyl aryl 
X = H,Cl,Br,F,OR,OAr,SAr 
The desired compounds are now made from the commercially available 4-halogeno-
2-nitrophenols via the reduction of the nitro group followed by acylation. 
The original routes to these 4-halogeno-2-nitrophenols involved the bromination and 
nitration of phenol and these reactions have been studied for over one hundred years. 
Simple bromination of phenol gave mainly 4-bromophenol and subsequent nitration 
gave a mixture of isomers. The main product was 4-bromo-2-nitrophenol (scheme 
28). 









However other products were detected, these were due to the initial formation of 2-
bromophenol followed by mono and di-nitration to give small amounts of 2-bromo-
4-nitrophenol, 2-bromo-4,6-dinitrophenol and also 4-bromo-2,6-dinitrophenol. 
2.31.2 	 Reduction Methods 
The 2-acylaminophenol coupler products were made via the nitro compounds. A 
variety of methods have been used to . reduce the nitro group to the amino group 
followed by standard acylations. 
An obvious example is 2-acetylamino-4-bromo-6-nitrophenol which was made by 
the process of the initial nitration of 4-bromophenol followed by "moderate" 
reduction with ammonium sulfide  43  and acetylation with acetic anhydride. Other 
aminophenols were produced from their respected nitro derivatives by reduction by 
tin or iron with hydrochloric acid," by the use of an alkaline solution of hydrogen 
sulfide  45  or hydrogenation with a number of catalysts. 
Many of these nitro derivatives were available commercially, however alternative 
mixed halogenated phenols were nitrated by the Zincke 46 method (reaction with 
nitrous acid). It was found  47  that mononitration occurred for 2,4-dibromophenols, 
however 2-chloro-4-bromophenol gave the two products 2-chloro-4-nitrophenol 91 
and 2-chloro-4-bromo-6-nitrophenol 92 (scheme 29). Thus showing that the nitro 
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In a study of the synthesis of a number of triazoloquinoline derivatives Reynolds and 
Vanallen 48 reacted 2-hydrazinoquinoline with phenyl salicylate to produce 2-
[1,2,4]triazolo[4,3-a]quinolin-1-yl-phenol 93 (scheme 30), this compound could act 
as a couplet with an alternative ballast group. 
OH 	 OH N—N 
<NNHNH2 	 COPI-I 	
- 
ii 	I 	I 	+ I 
93 L* 
Scheme 30. 
2.31.3 	 Acylation of Aminophenols. 
2-Benzoylaminophenol 94 was synthesised 49 in 1876 by reaction of 2-aminophenol 
and benzoyl chloride. It was found that 2-phenylbenzoxazole was formed on heating 
94 (scheme 31). 
OH 	 OH 	o 
PhCOC1 	 Heat 
94 
Scheme 31. 
In a number of papers 5° Charles Raiford et al looked at the migration of acyl groups 
in derivatives of o-aminophenol. It was found that on reaction with two different 
acyl groups the heavier group always ends up the nitrogen atom regardless of the 


















In 1945 the migration process of these acyl groups was investigated 50 using two 
isomeric halogenated compounds (scheme 32). It was found that regardless of the 
order of introduction of acetyl and benzoyl groups to either 2-amino-4,6-dibromo-3-
fluorophenol or 6-amino-2,4-dibromo-3-fluorophenol that only one mixed acyl 
derivative 95 was isolated, and on hydrolysis the benzoyl group was found on the 
nitrogen. 2-Benzoylamino-4,6-dibromo-3-fluorophenol was converted to the acetyl 
derivative with a large excess of acetic anhydride in pyridine. 
Alternatives to the most commonly used acylating agent the acid chloride, are mixed 
anhydrides, activated esters and acyl imidazoles. However, some of these are not 
suitable for isolation, thus practical uses are limited. 
96 
An interesting alternative is 3-acyl-1,3-thiazolidine-2-thione 96,' this gives 
chemoselective acylation of aminophenols when heated with sodium hydride in THE 
45 
2-Formamidophenol and 2-acetamidophenol were formed by the rearrangement of o-
hydroxy aldehydes and ketones in alkaline solution by the action of 
monochioroamine at 0 °C. The mechanism that was postulated 52  involved the 
aziridine intermediate as shown in scheme 33 below. 
OR 
<LV-OH > 
NaOH/ 	R= Me, H 








An alternative means of formylation was via the use of phenyl formate, there had 
been no previous reports of the use of phenyl formate as a formylating agent. 
53 
4-Chloro-2-formamidophenol 97 was of particular interest due to the presence of the 
coupling off chloro group (scheme 34). 
OH 	 OH 
NH2 	phenyl 	 NHCH0 
C1 	 C1 
Scheme 34. 	97 
The fluorinated derivative 2-(pentafluoropropionylamino)-phenOl 98 was obtained as 
a precursor to the previously unknown 2-pentafluoroethylbenzoxazole. Compound 
98 was synthesised from the parent o-nitrophenol by reaction with 
pentafluoropropionyl fluoride made from hexafluoro-1,2-epoxypropane and 
triethylamine (scheme 35). 
Si 
Et3N 	 ______ 
CF3—CF 	 CF3CF2CF=O 	 OH 
0 MeCN 
OH H F  
aO> CF2CF3 	 0 F 
Scheme 35. 	 98 
It was also found 54  that treatment of the aminophenol with the epoxypropane without 
a base present gave the benzoxazinone 99 in 85% yield (scheme 36) with a little 
(7%) of 98. 
0 
OH 	CF3—CI'--CF2 
1N r12 	-HF 
OH 	CF3 	
C(ONCF32HF  CO 
99 
Scheme 36. 
The presence of some 2-(pentafluoropropionylamino)-phenol 98 indicates that some 
of the epoxypropane must isomerise to the pentafluoropropionyl fluoride. The 
proportions of the two products was altered to 45 and 22% respectively when 
acetonitrile was used as the solvent in place of dioxane, thus indicating an increased 
rate of ionic isomerisation of hexafluoro-1,2-epoxypropane in the more polar solvent. 
A number of other fluorinated 2-aminophenols 100 were produced by the 





X = F, Cl 	 (major isomer) 
Scheme 37. 
The reaction of substituted O-phenylhydroxylamines with trifluoroacetic acid and 
trifluoroacetic anhydride (scheme 37) gave a mixture of products; the proportions of 
47 
these products depended on the substituents on the benzene ring. The 4-chloro and 
4-fluoro derivatives gave the N-(5-halo-2-hydroxyphenyl)trifluoroacetamide 100 as 
the major product (53 and 48%) along with some of 2-hydroxyphenol (21 and 1% 
respectively). 
In a study 56  of the oxidation of halophenols in 1983, the oxidant ceric ammonium 
nitrate was used to oxidise 2-acetamido-4,6-dichlorophenol 101 to 2-acetamido-6-
chlorobenzoquinone 102. The phenol was obtained from the reduction of the nitro 






101 	 102 
Scheme 38. 
2.3 1.4 	 Cyan Dye Formation. 
The properties of the cyan dyes derived from various phenol derivatives have been 
studied in detail in the past. In 1946, Vittum and Brown 
57 studied Phenol Blue, the 
simplest cyan dye of this type, and its absorption properties in four different solvents. 
The same authors discussed the properties of the dyes 103 made from substituted 
phenols, and studied the physical properties of the cyan dyes in relation to the actual 
substituents on the phenolic ring. 
R2N 	 N 	 4 	R2 	 N 	 O 
(a) 	 103 	 (b) 
The effect of more than one of these substituents on the dyes was considered 
58 and 
whether the influence of one substituent on the absorption is modified by the 
presence of another. It was assumed that the effect due to single substituents could 
be treated as additive for a multi-substituted dye and this was shown to be generally 
EI 
R R 
H H 626 
MeCONH H 632 
PhCONH H 640 
PhCO(Me)N H 655 
PhCONH 5-CI 666 
NEt2 
105 
correct. The notable exception was the dye derived from 3,5-dimethyiphenol that 
gave altered properties due to the disruption of the resonance system by the two 
methyl groups interfering with the planarity of the dye molecule. 
It was concluded that electropositive substituents in the phenolic ring lead to a shift 
in the short wave direction of the absorption maxima due to the similarity of the dye 
structure to A, and conversely electronegative groups have a bathochromic effect due 
to the bipolar form B. 
The absorption properties of indoaniline dyes made from phenols with acylamino 
substituents were measured in methanol and benzene 
59 in 1965. It was stated that 
phenols with the acylamino group in the 3-position shifts the absorption maxima to 
shorter wavelengths while in the 2-position it causes a bathochromic effect. 
QuunH 0 




This effect was attributed both to the formation of an intramolecular hydrogen bond 
between the phenolic carbonyl oxygen and the NH group of the 2-acylamino 
substituent and the attraction of the electron density from the polymethine chain of 
the dye chromophore by the acylamino group in 104. The size of this bathochromic 
displacement was directly related to the electronegativity of the acyl residue. An 
increase of 41 nm (table 8) in the absorption maxima of the indoaniline dyes 105 
recorded in methanol was observed. 
Table 8. 
ILI 
Benzene was used as an alternative solvent and it was noted that the effect of the 
intramolecular hydrogen bond on the colour of these dyes was increased due to the 
absence of any intermolecular hydrogen bonds between the carbonyl oxygen of the 
dye and the methanol solvent. 
A patent 60 published in 1956 gave information on the increased performance of 
phenol based cyan colour couplers that have perfluoroalkylcarboxamido groups in 
the 2-position of the phenol. 






The absorption maximum for the ballasted version 106 was 658 nm and the 
properties of other dyes 107 with fluoronated side chains are given in table 9. It is 
shown that these fluorinated alkyl sidechains have the effect of shifting these 
maxima to longer wavelengths (a bathochromic effect) than the equivalent non-
fluorinated versions. 59 
Table 9. 
R Xmax /nm 
5-Me 660 
5-Me-6-("I 676 
5-C151-131 666 _9__NEt2 
107 
As an alternative view, the absorption of the parent dye phenol blue in a number of 
solvent mixtures has been studied ,6 ' these solvents contained hydrogen bond 
acceptors and donors and it was thought that hydrogen bonding had a great effect on 
the position of the absorption maximum of the dye. 
50 
It was observed that there was a good correlation between the size of the infrared 
absorption at 3615 cm' due to unbonded OH and the magnitude of the shift of the 
dye in mixtures of p-cresol (as H-bond donor) and DMSO (as H-bond acceptor). 
More recently62  studies have advanced to the investigation of molecular orbital 
calculations of 23 of these indoaniline dyes. 
These authors had previously reported 63 that an increase in the dihedral angle 8 
between the aniline and quinone rings led to an increase in the wavelength of the 
absorption maxima despite the loss of planarity and the subsequent reduced it-




2.32 	 Naphthols. 
As well as the phenol derived couplers that have been widely used, the bicyclic 
equivalent l-naphthol and its derivatives have been implemented as alternatives. 
It' 




There have been a number of patents 64,65,66  that have involved the use of these 
naphthol derivatives as cyan colour couplers and only one journal article .67  The 
naphthol derivative 4-chloro-N-hexadecyl- I -hydroxynaphthalene-2-carboxamide 108 
was added to the reaction mixture of an oxidised p-phenyleneøiamine and an o-
benzoquinone monosulfonamide "coupler" to test the reactivity of the developer 
(scheme 39). The cyan dye 109 [Xmn (AcOEt) 654 nm] that was subsequently 
formed was identical with a sample prepared alternatively by the standard oxidative 
coupling of the coupler and developer with ammonium persulfate as the oxidant. 
NFL2 
1 5H33 	Me 
Er 	-NHS02Me 108 
 
 
Scheme 39. O2Me 
109 
The patents generally involved the formation of ballasted couplers from the reaction 
of phenyl-1-hydroxy-2-naphthoate with amino compounds and the extension or 
adornment of the ballast groups. 
A number of compounds (phenol, p-cresol, 1-naphthol and 2-naphthol) were reacted 
52 
with the diazonium salt of o-azidoaniline 110 and the o-azidoazo products (scheme 
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110 
Scheme 40. Si 
Slow thermal decomposition 68 followed and with the loss of nitrogen the 
benzotriazole compounds were formed. In the case of 1-naphthol the 2-(4-hydroxy-
1-naphthyl)benzotriazole 111 product was isolated without the purification of the o-
azidoazo compound. 
This product is an example of a coupler with an alternative coupling off group to the 
standard halogen; the benzotriazole coupling off group has given beneficial effects 
on the cyan dye formation. 
Reynolds and VanAllen49  synthesised a number of alternative heterocyclic naphthol 
derivatives by the reaction of 2-pyridylhydrazine with phenyl salicylate to give 2-(4-
hydroxy-1-napthyl)[1,2,4]triazolo[4,3-a]pYridine 112 (scheme 41). 
OH 	 OH N—N 
N NHNH2 rc(LtCO2Ph $ 	
Li 
Scheme 41. 	 112 
These compounds have been shown to be excellent cyan colour couplers with the 
triazolopyridine branch used as the basis of a ballast. 
53 
2.4 	 Sensitising agents. 
In the three layers of the film there are chemicals called sensitising agents which 
cause the various layers to be sensitive to the particular wavelengths of light 
required (each layer is sensitised to its individual colour). In colour photography 
these sensitising agents are cyanine dyes as shown below. 
IE N +NTJZIIJ 
The length of the conjugated chain is dependent on which dye is being sensitised, 
yellow dyes require n = 1, magenta n = 2 and cyan n 
= 3•69.70 
The (n=1) product 1 ,3bis (3 ethylbenzothiazol-2-yl)41imethi11ium, iodide 113 was 
synthesised from the condensation of o-aminophenyl mercaptan and ethyl malonate 
followed by alkylation (scheme 42).' 
CrNH 
SH EtO..y_yOEt 	S 	




tt 	Et •r 
113 	 Scheme 42. 
This product 113 was proved to be the same as that synthesised from the 
condensation of benzothiazole ethiodide with 1-methylbenzothiazole ethiodide 
(scheme 43). 
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The electrochemical and spectroscopic properties of a series of compounds with 
similar structures to 113 but with a conjugated connection of three double bond units 






3.1.1 	 1H-2-Aminopyrroles (Background) 
A survey of the literature has indicated that a number of heterocyclic systems can act 
as novel cyan couplers. One example is the 1H-2-aminopyrrole system, many of 
which are unstable due to the electron donation of the amino group into an already 
electron rich pyrrole ring, thus electron withdrawing groups are needed to stabilise 
the system. These electron withdrawing groups are also vital as their presence helps 
to create the appropriate dye hue of the developed coupler. There are a number of 
syntheses of 2-aminopyrroles 73 available in the literature. However, there are many 
less references available on the synthesis of N-unsubstituted-2-aminopyrroles. 
This introductory section gives the general available routes to N-unsubstituted-2-
aminopyrroles and a survey of their reactivity. This is relevant to the study of the 
reactions of the 2-aminopyrrole reported in section 3.2. 
3.1.1.1 	 Synthesis. 
There are a number of routes to the aminopyrrole nucleus including acid or base 
induced cyclisation of the relevant four-carbon intermediates and ring 
transformations. 
One reaction involves a three step process, 74,75  where succinonitrile 114, is 
condensed with ethyl formate and the potassium salt of the product is treated with 
ammonia to give an aminomethylenesuccinonitrile 115. Treatment with potassium 
ethoxide induces cyclisation to yield a 1-unsubstituted 2-amino-4-cyanopyrrole 116 
as shown in scheme 44. 
NC 	 HCO 2Et NC 	 NH3 
NCf 
114 	
HOH 	 H 	NH2 
H 	
115 
NC 	 NC 	IH 
	
Z
N NH-, Scheme 44. N 	NH 
H 	 H 
116 
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A procedure that has been used in many cases to synthesise 3,4-disubstituted-2-
aminopyrroles was developed in 1961 by Gewald. 76 This involved the addition of 
aminoacetophenone to a mixture of malonitrile and sodium hydroxide to yield 2-
amino-3-cyano-4-phenylpyrrole. 77 
The cyano compound 117 was reacted with a number of amities to give 
aminopyrroles. It was shown that the reaction at one or other of the cyano groups by 
primary aliphatic amines gave the compound 118, which underwent ring closure and 
following the loss of hydrogen bromide the 2-aminopyrroles 119 were formed as 
shown in scheme 45. 
Ph 	 Ph 	 Ph 	CN 
MeyLcN H2 Me7Aç IN 





 performed a modification of the method used by Gewald. 76 In this 
procedure, 2,3-butanedione monoxime 120 (R = Me) was reductively acetylated to 
give 2-acetamido-3-butanone 121. This N-acetyl-cz-amino ketone 121, was 
condensed with malonitrile in methanol using potassium hydroxide as the base 
catalyst to yield 1-acetyl-2-amino-3-cyano-4,5-dimethylpyrrole 122. This product 
was subsequently deacetylated by alkaline hydrolysis to give the unprotected 2-
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OH 	 Scheme 46. 
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This synthetic procedure was expanded in 1977 by Johnson et a179 to include simple 
amino acids as the precursors for the substituted aminopyrroles. Here, the amino 
acids were heated in a mixture of acetic anhydride and pyridine until the evolution of 
carbon dioxide ceased to give the crude N-acetyl-a-amino ketones, then these were 
condensed with malonitrile as described above to yield the 5-substituted analogues of 
122. The deprotection occurred as before using potassium hydroxide. 
The first step in this synthesis is interesting as it involves the decarboxylation of an 
amino acid. The pyridine solvent ionises the acid, which subsequently loses CO2  and 
the two acyl groups are attached to the carbon and nitrogen respectively. 
A number of 2-aminopyrroles have been made through ring transformations although 
they have substituents on the ring nitrogen. Middleton and co-workers, 80  studied the 
formation of a IH-2-aminopyrrole via the base catalysed rearrangement of 2,5-
diamino-3,4-dicyanothiophene 124. This rearrangement, causes the thiophene ring 
to open and by an ANRORC mechanism produces 2-amino-3,4-dicyano-5-
mercaptopyrrole 125. The amino group thus undergoes nueleophilic attack on the 
carbonyl group followed by aromatisation to give the aminopyrrole as shown below 
in scheme 47. 
H 





SHHCN 	 I 
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125 
Scheme 47. 
3.1.1.2 	 Reactivity. 
Reactions that have been performed on these pyrroles, include studies of their 
basicity, and other simple reactions including alkylation and acetylation. 
In 1968,81  the properties of certain 2-amino heterocycles were investigated with 
respect to their behaviour towards electrophiles. 	The authors state that the 
59 
compounds behave more like enamines than typical aromatic amines. The 2-amino-
3-cyano-4,5-dimethylpyrrole was shown to react with the protic polar solvents and 
protonate the carbon atom at the C(5) position; this was proved by the appearance of 
the methyl group as a doublet and the C(5) proton as a quartet in the proton NMR 
spectrum. 
This information was stated to be of use in the synthetic chemistry of these 
compounds, for example one would expect facile C-alkylation or C-acetylation at the 
3- or 7-carbon. 
The mono and dimethylation of heterocyclic amines has been well reported, however 
the selective N- 1 -alkylation of 2-aminopyrroles had not been thoroughly studied. As 
shown below alkylation of 2-aminopyrroles generally occurs on the ring nitrogen and 
not on the amino group. 
In 1958 the ring alkylation of 2-aminopyrroles was performed using methyl iodide 
under basic conditions 80 and it was also reported that on reaction with benzyl 
bromide, both the nitrogens become alkylated. 
Mattson and Sowell 
82 
 in a search for potential precursors of active medicinal agents 






R= Alkyl, Aryl I 
Me 
Scheme 48. 126 
The amino-pyrroles were treated with 1.1 equivalents of sodium hydride in 
anhydrous tetrahydrofuran, and then 1.1 equivalents of dimethyl sulphate (scheme 
48) to give the N-methylpyrroles 126. 
An alternative reaction that preferentially alkylates the amino group was reported in 
1973, in this case a reactive alkyl halide such as m—bromoacetophenone was used 















amino-3-cyano-4,5-dimethylpyrrole 127 with phenacyl bromides gave alkylation 
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128 
Scheme 49. 
Acylation of 2-aminopyrroles has been performed many times as a means of 
isolating the unstable and reactive derivatives. There are many examples of the use 
of acetic anhydride and acetyl chloride under basic conditions. 
84  There have also 
been di- or triacetyl derivatives isolated .76 
A number of bicyclic compounds had been synthesised from substituted 2- 
aminopyrroles. 7785  In one example 
77 
 various pyrroles were reacted with 2 mol. 
equivalent of methyl or ethyl isocyanate in dry refluxing pyridine to make the 





The mechanism of formation was attributed to initial attack of one of the isocyanate 
molecules to give the intermediate pyrrolylureas, which in turn would react with the 
other isocyanate molecule to afford the pyrrolotriazinediones. This was proved by 
repeating the reaction with a single equivalent of phenyl isocyanate to give the 
pyrrolylurea, which was then reacted with one more quantity of the isocyanate. This 
reaction gave the same product as before. The yields of these reactions were fairly 
low and the authors stated that a substantial amount of tarry material was produced 
along with the products. They attributed this to the decomposition of the unstable 2-
aminopyrrole starting material. This instability of the aminopyrrole nucleus is a 
common problem in the chemistry of these compounds. 
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3.1.2 	Results And Discussion. 
3.1.2.1 	 Introduction. 
The previous survey of general routes and reactions of N-unsubstituted 2-
aminopyrroles involved only one pyrrole 116 that had potential as a coupler 
compound. This is because there was substitution at the 5-position for the other 
aminopyrroles and for a coupler to be active there has to be a coupling position, thus 
only compounds with a hydrogen (compound 116) or a halogen at position 5 are 
suitable as colour couplers. The halogen is known as a coupling off group and is lost 
in the dye formation process. 
One of these 2-aminopyrrole systems with electron withdrawing groups was 2-
amino-3,4-dicyano-5-bromopyrrole 130 and as can be seen the bromine leaving 




3.1.2.2 	 Synthesis. 
The 2-amino-3,4-dicyano-5-bromopyrrole 130 was readily available in a one step 
synthesis. It was originally made in 30% yield by the treatment of tetracyanoethylene 
with anhydrous hydrogen bromide gas in acetone. 80 The mechanism of the pyrrole 
formation is stated to proceed in at least two steps, and even today the mechanism is 
not fully understood. The tetracyanoethylene is initially reduced to tetracyanoethane 
by the hydrogen bromide giving rise to the production of bromine as the hydrogen 
bromide is oxidised. Then, it is thought that another molecule of hydrogen bromide 
adds, to give the intermediate 131 which subsequently cyclises to form the pyrrole, 
as shown in scheme 51. 
NC 	CN 	NC 	CN 
rNC Br 
NIC 	 H~~ry 	X ~\ 
131 	 H 
	
Scheme 51. 	 130 
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The acetone solvent consumes the bromine that is formed; thus the bromine colour 
was lost upon the completion of the reaction. The acetone solvent was proved to be 
crucial as no pyrrole was formed when the reaction was repeated with other solvents 
such as ethyl formate or tetrahydrofuran. It is assumed that the acetone is removing 
the bromine from the reaction mixture, and thus preventing the re-oxidation of the 
tetracyanoethane back to tetracyanoethylene. 
This early method had certain disadvantages in a practical sense, particularly 
generation of the anhydrous hydrogen bromide and the low yield. More recently, 
minor improvements have been used and this has led to a substantially better yield 
and an improved quality of the product. 86  These adjustments involved the use of 
hydrogen bromide in acetic acid, and the controlled addition of this to the reaction 
mixture, strict temperature control, the use of ethyl acetate as well as acetone as the 
solvents and purification by the dissolution of the pyrrole in base and the 
reprecipitation of it by the addition of acid. 
Both the methods were tried, but as expected the second method gave a much 
improved yield and the method proved to be reproducible on a large scale. 
3.1.2.3 	Review of 2-amino-5-bromo-3,4-dicyanopyrrole. 
Only a few reactions have been performed on compound 130; simple alkylations 
with methyl iodide and benzyl bromide 80  gave 2-amino-5-bromo-3,4-dicyano-l-
methylpyrrole and 1-benzyl-2-benzylamino-5-bromo-3,4-dicyanopyrrole in 52% and 
43% yield respectively, illustrating the acidity of 130. Acetylation with acetic 
anhydride was performed to show the nucleophilicity of the amino group, this gave 
2-acetamido-5-bromo-3,4-dicyanopyrrole in 50% yield. 
Since 1958 there has been very little chemistry reported until in 1991 it was 
identified as a versatile synthon in the synthesis of pyrrolo[2,3-d]pyrimidine 
nucleoside precursors. 86 
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3.1.2.4 	 Spectroscopic Properties Of 
5-Bromo-2-amino-3,4-dicyanopyrrole. 
There is limited spectroscopic data pertaining to this compound available. The infra 
red spectrum was given in the nucleoside paper 86  along with the proton NMR 
spectra. For this reason a systematic study was undertaken to provide a background 
for our chemical investigation of this compound. 
	
3.1.2.4.1 	 Infra Red. 
The infra red spectra of the parent compound was run as a nujol mull, it showed the 
standard absorptions for the functional groups present in the molecule. The amino 
group gave rise to a multiplet of peaks at 3440 cm -1 , the two cyano groups gave 
peaks at 2230 cm' and the other peaks followed accordingly with the spectral data 
that was already in the literature. 86 
3.1.2.4.2 	 NMR Spectra. 
Proton NMR Spectra. 
As there are only three NH protons in the aminopyrrole then proton NMR 
spectroscopy did not seem a reliable means of detecting this molecule and hence its 
products in subsequent reactions. The NH protons were only detectable in the proton 
spectrum when dry [2H6]DMSO was used, and under these conditions the proton 
spectrum consisted of the NH 2 peak at 6.65 ppm and a very broad peak for the ring 
NH at 14 ppm. 
Carbon-]3 NMR. 
The ' 3C NMR spectrum of 130 showed well-resolved signals from 5 c 70.9 p.p.m. for 
the carbon at C(3) to 149.8 ppm for C(2). This range of 80 p.p.m. between two of 
the ring signals showed the profound electronic perturbation of the pyrrole system 
compared with the ring signals of pyrrole itself (Bc  108.2, 118.5). 
This spectrum was initially assigned by the comparison with that of analogous 
compounds with the same functional groups. It was known that for aromatic 
molecules with an amino group attached, the position of connection of the amino 
group resonates at around 150 ppm and that the carbon atoms of cyano groups were 
r.si 
known to resonate in the region of 110-120 ppm. The other three pyrrole ring 
carbons were less obvious to assign on this simple basis. A fully coupled carbon 
spectrum was recorded as a means of identifying the peaks and assigning the spectra, 
however, this experiment showed that there was no significant long range proton 
coupling observable. 
115.03 	 114.30 




NC CN 79 




The remaining three positions were finally assigned by a combination of electron 
density arguments and comparison with the spectrum of the debrominated compound 
154 (figure 4). This spectrum gave the CH at 122.61 ppm that replaced the 
quaternary at 103.4 ppm. Thus the two remaining peaks at 70.86 and 92.71 ppm 
were due to the carbons at the 3 and 4 positions on the ring. The position 3 is 
receiving more electron density from the amino group than position 4, therefore one 
would expect this peak to be at a lower chemical shift. Thus position 3 gives the 
peak at 70.86 and the peak at 92.71 ppm arises from the carbon at the 4-position. 
An INEPT 15N NMR experiment was unsuccessful owing to the rapid exchange of 
the NH protons with the water in the solvent ([ 2H6]DMSO). 
3.1.2.4.3 	 Mass spectrum. 
The mass spectrum of the 2-amino-3,4-dicyano-5-bromopyrrole 130 gave a 
molecular ion at m/z 210 / 212 , the doublet being due to the bromine present in the 
molecule. The first breakdown peak is at m/z 131; this is due to the loss of the 
bromine with two subsequent losses of 27 indicating cleavage of HCN. 
i;i 
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3.1.2.4.4 	 X-Ray Crystallography. 
None of the above spectroscopic data categorically proved the structure of 130 as a 
pyrrole. This connectivity was established finally by X-ray crystallography. 
However, crystal quality was poor, and errors in the structural parameters were 





Bond Lengths (A) Aminopyrrole 130 Bond Angles (°) 130 
N(1)—C(2) 1.35(2) C(2)-N(1)--C(5) 111.4(10) 
NW - C(S) 1.37(2) N(l) - C(2) — C(3) 107.8(10) 
C(2) - C(3) 1.41(2) C(2) - C(3) - C(4) 105.5(9) 
C(3) - C(4) 1.46(2) C(5) - C(4) - C(3) 107.7(9) 
C(4) - C(S) 1.38(2) N(1) - C(S) - C(4) 107.5 (10) 
C(2)—N(2) 1.36(2) N(1)-C(2)--N(2) 121.8(11) 
C(3) - C(31) 1.38(2) N(2) - C(2) - C(3) 130.4(11) 
C(31) - N(31) 1.17(2) N(l) - C(S) - Br(S) 122.3(8) 
- C(41) 1.42(2) C(4) - C(S) - Br(S) 130.2(8) 
C(41)-N(41) 1.15(2) C(31)-C(3)-C(2) 128.0(11) 
C(S) - Br(5) 1.849(11) C(31) - C(3) - C(4) 125.9 (10) 
N(31) - C(31) —C(3) 175.7 (14) 
C(41) - C(4) - C(3) 125.5(9) 
- C(4) - C(41) 126.8 (10) 
N(4!) - C(41) - C(4) 176.6 (12) 
3.1.3 	 Chemical Properties. 
3.1.3.1 	 Dye Formation. 
The principle motive for the synthesis of the pyrrole 130 was to make a new cyan 
colour coupler. Thus, it was important to attempt to react the compound with 
oxidised developer to make the cyan dye. The dye was prepared by treating the 
aminopyrrole 130 with the standard developer 4-diethylamino-2-methylaniline 4 in 













The reaction gave an almost black opaque product, which on dilution with a large 
excess of the solvent ethyl acetate gave an attractive vivid blue solution. Thus a new 
cyan dye 132 had been successfully made and its ultra violet and visible spectra were 
recorded. 
The visible spectrum gave a curve with a k.. of 644nm and a half bandwidth (w i ,2) 
of 87nm using ethyl acetate as the solvent. 
It must be noted that a patent 87  covered this general group of compounds as cyan 
colour couplers. However, the study of the chemistry of 2-amino-3,4-dicyano-5-
bromopyrrole 130 was continued to obtain information on the cyan dyes that are 
formed. 
3.1.3.2 	 Introduction. 
Once it was established that 2-amino-3,4-dicyano-5-bromopyrrole 130 was a cyan 
colour coupler then there were three main areas of chemistry that were going to be 
investigated. 
me 
The connection of a ballast to the coupler through acetylation, alkylation or other 
functional groups. 
The transformation of the pyrrole to other heterocyclic ring systems. 
The removal of the bromine coupling off group 
Initial reactions with the pyrrole were unsuccessful; this was due to the low solubility 
of the compound and also to the fact that it was readily oxidised to give coloured by-
products. Therefore a survey of solvents was carried out and it was found that both 
tetrahydrofliran and acetonitrile dissolved the compound with gentle heating. 
However, once the pyrrole was dissolved in tetrahydrofuran the solution began to 
change colour to a pink solution as the aminopyrrole was oxidised. Thus, reactions 
using tetrahydrofuran proved unsuccessful. The reactions gave a number of different 
highly coloured products, including possible polymerisation products. This was 
probably due to the tetrahydrofuran absorbing a great deal of oxygen from the 
atmosphere. Thus an alternative solvent was sought. Acetonitrile seemed a 
promising solvent due to its high polarity and relatively low boiling point and indeed 
it has proved successful. Prior to each reaction the solvent was degassed with 
nitrogen to remove any dissolved oxygen that could be present. Also the reactions 
were performed under an atmosphere of nitrogen. This was shown to be important, 
as identical reactions without nitrogen atmosphere gave no discernible products. 
The parent compound 2-amino-3,4-dicyano-5-bromopyrrole 130 was subjected to a 
number of reactions to ascertain the best method for the attachment of a ballast. 
These included alkylation and acetylation with acetic anhydride. 
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3.1.3.3 	Reactivity Of 2-Amino-3 .4-Dicyano-5-Bromopyrrole. 
3.1.3.3.1 	 Alkylation Reactions. 
It had been reported" (p  65) that 130 had been alkylated with methyl iodide to give 
the mono-methylated pyrrole 133 and benzyl bromide to give the dibenzylated 
pyrrole 134. These reactions were repeated successfully using an excess of the 
alkylating agents in sodium ethoxide solution to produce 133 and 134 (scheme 53); 
these simple alkylated products would give a basis for attachment of larger moieties 
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Scheme 53. 	 134 
'H, ' 3 C NMR spectra and mass spectra indicated a monomethyl product 133 (47% 
yield) as expected. The proton spectrum of 133 showed the methyl peak at 3.36 ppm 
and the NI-12 peak at 6.83 ppm, whereas the methyl peak resonated at 32.28 ppm in 
the 13 C spectrum. The 'H NMR further suggested ring methylation owing to the 
presence of N-H and N-Me peaks that integrated in the ratio of 2 3. 
To investigate the methylation of the aminopyrrole a number of different reaction 
conditions were used as alternatives. One such alkylation reaction utilising crushed 
potassium hydroxide in dry DMS0 88 led to the trimethylated product 5-bromo-3,4-
dicyano-2-dimethylamino- I -methylpyrrole 135 in 67% yield (scheme 54). Although 
this product was not of use as a potential coupler due to the lack of an ionisable 
proton, it did show us that all three of the protons of the parent aminopyrrole were 












The 'H and ' 3C NMR showed N-Me peaks at 5H  2.84 ppm (31-1) and 3.47 ppm (61-1) 
and 8c 33.52 ppm and 42.81 ppm in the 'H and ' 3C NMR spectra respectively. 
The 8H and 5c  of the single methyl group in both 133 and 135 are almost identical 
which confirms the site of the initial alkylation as the ring nitrogen atom. The 
structure was subsequently proved by X-Ray crystallography (section 3.1.3.3.8). 
NMR Spectra Of The Alkylated Products. 
In view of the importance of ' 3C NMR spectroscopy in the investigation of these 
derivatives, a study of the effect of the N-methylation on the chemical shifts was 
made. As shown in table 11. 
H2N: nNBr 
Me 






c/S 130 133 135 
 149.77 149.09 151.33 
 70.86 70.34 82.42 
 92.71 92.47 94.18 
 103.37 106.98 111.12 
 114.30 114.07 113.31 
 115.03 114.76 113.82 
N-Me2 - - 42.81 
N-Me - 32.28 33.52 
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Scheme 55. 	138 







Ring methylation has relatively little effect on the spectra, except for a small 
deshielding (4 ppm) at C (5), which is not reflected at the other a-position. However 
the spectrum of the trimethyl derivative shows substantial changes, particularly a 
deshielding of 12 ppm at C (3), corresponding to reduced electron donation from the 
lone pair on the exocyclic nitrogen atom. This is most likely due to steric effects 
twisting the dimethylamino group out of plane. Similarly, C (5) is shifted to higher 
frequency (4 ppm relative to the N-Me compound 133). 
Following these alkylation reactions, larger long chain alkylating agents such as 
dodecyl iodide were used potentially to act as the required ballast. Methods included 
heating at reflux with triethylamine in acetonitrile and stirring at room temperature 
with potassium carbonate in dimethyl formamide. However these proved 
unsuccessful. The only reaction that did produce any quantity of desired product was 
the crushed potassium hydroxide in dry dimethyl sulphoxide conditions with dodecyl 
iodide (scheme 55). This gave a mixture of the mono, di and tri-alkylated products 
that were separated by column chromatography to give 136, 137 and 138. 
Unfortunately these derivatives were only available in very small yields (8, 5 and 6% 
respectively), thus these reactions were of little use. 
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3.1.3.3.2 	 Acylation Reactions. 
The acylation of 130 that was performed in 1958 with acetic anhydride gave the 2-
acylated product that Middleton 80 had reported. The acylation was assumed but not 
proved to have occurred on the external amino group and not on the ring nitrogen. 
This reaction was repeated to investigate this regiochemistry and the same product 
was produced in good yield (scheme 56). This was subsequently identified as 2-
acetylamino-5-bromo-3,4-dicyanopyrrole 139 by spectroscopic studies discussed 
later. 
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Scheme 56. 	139 
However, products with larger acyl groups were not available via this anhydride 
route, thus it was necessary to develop a route to the N-acyl derivatives from acid 
chlorides. 
The use of acid chlorides was important as the vast majority of ballast compounds 
that are used in the photographic industry to anchor the colour couplers to the film or 
paper (see Introduction) are available as carboxylic acids which are easily converted 
to their acid chlorides. Thus reactions of the aminopyrrole 130 with simple acid 
chlorides were thoroughly investigated as a precursor to the attachment of the ballast 
acid chlorides. 
These initial acylations were carried out with isobutryl chloride due its low volatility 
compared with other low molecular weight acid chlorides. Isobutyryl chloride was 
reacted with 130 using a large number of solvents and bases and various heating and 
atmospheric conditions. 
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Scheme 57. 	H2NNBr 
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The reaction with the isobutyryl chloride gave one product in good yield (scheme 
57). The infrared spectrum showed an amide stretch at 1630 cm -1 and a singlet in the 
NH region which suggested that NH groups were present and not an NI-12 group, 
since this would be expected to give a multiplet in this region. The mass spectrum 
showed a molecular ion at 281, and the NMR spectrum indicated a single acetylated 
product. The proton NMR spectrum confirmed that the reaction had taken place on 
the exocyclic nitrogen as there was a single peak at 9 ppm relating to one proton in 
the correct region for the amide function and there was no free amine group 
resonance. 
The reaction proved to be general, and other acid chlorides were reacted in the same 
manner as the isobutryl chloride, including benzoyl chloride and acetyl chloride to 
give the acyl derivatives 141 and 142 as shown in table 12. 
A further reaction was performed and 5-bromo-3,4-dicyano-2-isobutoylamino- 1-N- 
methylpyrrole 143 was made in 38% yield from the monomethylated aminopyrrole 
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Once the acylation reactions had proved successful, the 2-aminopyrrole with a real 
ballast attached was required if the coupler 130 was to be tested on photographic film 
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(section 1 p12). Thus 2-amino-5-bromo-3,4-dicyanopyrrole 130 was reacted with 
the ballast acid chlorides 144 and 145 which were made from their acid compounds 
by reaction with thionyl chloride. 
Et 







The ballast acid chlorides were reacted with 2-amino-5-bromo-3,4-dicyanopyrrole 
130 under similar conditions to the other acyl chlorides above to give the products 
146 and 147 below. However the yields of these compounds were low compared to 





The acylated derivatives of 2-amino-5-bromo-3,4-dicyanopyrrole failed to give dyes 
on development with oxidised developer, this was unexpected due to the dye formed 
from the parent compound 130. This failure of these compounds to form dyes from 
the reactions from oxidised developer can be explained by the effect of the acylation. 
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The acylation of 2-amino-5-bromo-3,4-dicyanopyrrole has two effects on the activity 
of the molecule as a colour coupler. The electron withdrawing effect of the acyl 
group increases the acidity of the NH but the reactivity of the anion towards oxidised 
developer is reduced by this electron withdrawal. 
Spectra of the Acylated Products. 
Proton NMR spectra. 
For all these acylaminopyrroles the proton spectra were fairly straightforward due to 
the lack of any useful protons in the aminopyrrole nucleus. Thus, the 'H NMR 
spectra consisted of the resonance for the R group of the acyl compound and a peak 
arising from the NH of the amino group. In these products this NH is an amide NH 
and thus comes at high frequency. The spectrum for the acetyl compound 141 
showed the methyl peak at 2.07 ppm and the NH peak at 10.88 ppm. The spectrum 
of the isobutiyl derivative 140 gave a proton with the isopropyl group in the normal 
position; a 2-methyl doublet at 1.10 ppm, the CH septet at 2.63 ppm; and the NH at 
10.76 ppm. This compares with the NH proton in the spectra for the benzoyl and the 
ballasted derivatives 142and 146 which appear at 11.17 and 11.23 ppm respectively. 
Carbon NMR spectra. 
The use of ' 3C NMR spectroscopy proved a much better tool for studying these 
reactions than 'H NMR spectroscopy. The spectrum of the parent aminopyrrole has 
been discussed previously and the acylated products were studied using ' 3C NMR to 
observe the changes (if any) of the chemical shifts of the pyrrole ring carbons. 
As can be seen from table 12 the chemical shifts of the pyrrole ring are affected by 
the incorporation of an acyl group. The peak at 149 ppm, which arises from the 
carbon bonded to the amino group, is shifted to lower frequency at 136 ppm by the 
acyl group on the exocyclic nitrogen. 
This large effect on the acetamido ct-carbon confirms previous ideas regarding the 
regiochemistry of the acylation. 
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 70.86 85.67 86.15 88.93 88.62 80.96 
 92.71 94.91 94.99 94.90 95.28 96.47 
 103.37 107.91 107.84 112.11 108.57 104.42 
 114.30 112.55 112.48 112.88 112.57 111.51 
 115.03 113.16 113.14 113.22 113.15 111.96 
C(2) 149.77 136.36 136.39 136.21 136.08 136.44 
This is the same in all four cases. Similar effects, though of smaller magnitudes, are 
found in the benzene series. The signal due to the 3-position was shifted by 15 ppm 
whereas those of the 4 and 5 positions were only shifted by approximately 5 ppm; the 
large effect experienced by the 3-position is rationalised in figure 5. The shifts are in 
the expected direction due to the reduction in the electron donating effect of the 
amino group. The two cyano carbon peaks remain in the same region for all these 
compounds, although the presence of the acyl groups did move the chemical shifts 
by one or two ppm. 
Mass spectra of the acylation products. 
In all the cases of the acylated products, the mass spectra show the molecular ion and 
then the first breakdown peak is due to the loss of the acyl group (scheme 58), 
followed by the loss of bromine and then the same breakdown pattern as the parent 
pyrrole. In all the spectra the base peak is due to the acyl fragment, MeCO 
Me2CHCO or PhCO. 
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Thus the predominant site of ionisation is at the carbonyl group as shown in scheme 
58. 
The mass spectra all showed loss of bromine from the parent ion and also the mass 
spectrum of the ballasted compound 146 gave peaks that showed loss of ethyl groups 
from the parent ion. 
3.1.3.3.3 Further Reactions of 2-Amino-5-bromo-3 .4-dicyanopyrrole. 
As alternatives to the simple acyl group as potential ballast side chains for the parent 
aminopyrrole coupler, phenyl isocyanate, phenyl isothiocyanate and benzaldehyde 
were reacted with 130 to give the condensation products below (scheme 59). 
149 
The phenyl urea 148 and the imine 149 were made in 45 and 42% yields 
respectively. However, neither compound proved to be a successful colour coupler 
as no dyes were formed on reaction with the standard oxidised developer. 
Once a number of these acyl derivatives of the aminopyrrole had been produced they 
were reacted with oxidised developer to test their reactivity as dye forming couplers. 
Unfortunately, there were no dyes produced, which was a great surprise due to the 
intense cyan dye that was produced from the parent 130. It was thought that the 
electron withdrawing effect of the acyl moiety that greatly increased the thermal 
stability of these acylated derivatives rendered them inactive as colour couplers. 
These electron withdrawing acyl substituents increased the acidity of these 
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compounds but also reduced the reactivity of the subsequent anion, this low 
reactivity was thus attributable to the lack of formation of any dye. 
Thus an alternative side group without this electron withdrawing action was required. 
A product with the exocyclic nitrogen alkylated would be suitable, but the previous 
alkylations had given products with the ring nitrogen alkylated. 
This led to a method that gave the exocyclic N-alkylated product and it involved the 
condensation of 130 with an aldehyde to give the imine 149 as in scheme 59, 
followed by reduction of the imine bond to give the substituted amine product. 
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Scheme 60. 
It was found that the above process (scheme 60) could be performed in one step, as 
there is considerable precedent for the reductive amination of aldehydes and ketones. 
Sodium cyanoborohydride was used to reduce the imine intermediates. The amines 
were dissolved in methanolic hydrogen chloride solution before the carbonyl 
compounds were added followed by the cyanoborohydride. 
This method was used for the reaction of 2-amino-5-bromo-3,4-dicyanopyrrOle 130 
with benzaldehyde to give 2benzytamino-3,4-dicyano-5-bromOpYITole 150 and 
subsequent reactions with 2-chloro-5-nitrobenzaldehyde, dodecanal, tridecanal and 
tetradecanal were also performed. 
The use of sodium cyanoborohydride did have safety implications as hydrogen 
cyanide was produced in the course of the reaction; thus alternative reactions were 
performed using sodium acetoxyborohydride as the reducing agent. 
ME 
It was noticed in the mass spectra of the reaction mixtures that the doublets due to 
the bromine in the starting material, imine intermediate and the alkylated product 
were disappearing with time as the reaction progressed and peaks due to its 
replacement by a chlorine atom were appearing. Thus it was clear that the use of 
methanolic hydrochloric acid was causing chlorine / bromine substitution. A possible 
mechanism is outlined in scheme 61. Although the chlorinated aminopyrrole was 
detected in the mass spectra, attempts to isolate this compound resulted in failure due 






Unfortunately, all the products from the reactions with either borohydride 
decomposed during attempted purification by column chromatography (both silica 
and alumina were used). 
However the product was stable whilst it was still in the reductive environment of the 
reaction media. Thus by further reaction of the crude mixture it was possible to 
synthesise new compounds that were stable enough to be purified. 
An example of this is the dye formation reaction where the impure 2-tridecylamino- 
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give the ballasted dye compound 151. This dye was far more stable than the 
uncoupled alkylaminopyrrole and purification by column chromatography gave the 
pure dye. 
Scheme 62. 	 151 
The visible spectra of dye 151 was recorded in ethyl acetate at Edinburgh (figure 6), 
the Xm was at 654 nm, the E was calculated to be 21,000 and as can be seen the 
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Figure 6. Dye 151 
The visible spectra of the same dye 151 were recorded at Kodak in a number of 
solvents and are given in table 13. 
All the curves were approximately the same showing their ?is in the cyan part of 
the spectrum ranging from 630-684 nm, the c values were approximately 18,000. 
E*I 
The lower values of Xm were for the spectra recorded in the less polar solvents 
cyclohexane and toluene, these solvents also gave the smallest half height band 
widths. 
Table 13. 
Solvent Xmax /nm Emax h,,2 /nm 
Acetone 659.8 17,540 92 
Acetonitrile 661.2 16,940 98 
Cyclohexane 630.2 19,170 65 
DMF 676.2 17,200 102 
DMSO 681.4 16,430 105 
Dichloromethane 657.8 18,370 84 
Ethyl acetate 649.2 18,070 84 
Toluene 642.0 18,790 74 
PDP 684.4 10,170 106 
Kodak Sl 670.8 17,110 85 
Kodak S2 665.0 17,880 84 
All the above dye curves that were produced were symmetrical with the exception of 
cyclohexane which gave a very narrow asymmetrical curve with a shoulder at 625 
nm. These dyes gave very promising cyan colours in solution thus the instability of 
the couplers was unfortunate. 
Following the partial success of the reductive acylation of 2-amino-5-bromo-3,4-
dicyanopyrrole 130 that gave the desired products, but were unable to be purified by 
column chromatography, an alternative route that would not require such purification 
was investigated. This involved the formation of the phospho-imine derivatives as 
intermediates (scheme 63) and it was hoped that reaction of these with aldehydes 








However, a mixture of products was again obtained and purification resulted in 
decomposition of the desired product. 
It was found that the phospho-imine 152 itself gave a cyan dye on development. 
This was developed on a quantitative scale and the dye 153 produced appeared 









The phospho-imine 152 was synthesised on a larger scale as it had the necessary 
requirements needed for a colour coupler and it was decided that the three phenyl 
groups were large enough to act as a ballast for the coupler. Thus the coupler was 
coated onto film, it was found to coat as consistently as the Kodak standards. 
However, the film prior to development had a yellow colouration, this was due to the 
coupler itself being yellow. The film was developed and the cyan dye successfully 
produced. Unfortunately, the colour of the film was more green than cyan due to the 
combined effects of the cyan dye with the yellow colour of the coupler. 
The cyan dye that was produced was tested and compared with the two standard 
Kodak couplers. The two light fading tests were the Edie test that involved the 
shining Of an intense light onto the film for a number of hours and the Dark Wet test 
during which the film was exposed to high levels of humidity in the dark. As can be 
seen from table 14, the results from dye 153 did not compare favourably with the 
standards. 
Table 14. 
Edie fade Dark wet fade X. 
nm 
h 112 
nm 1 00 200h 1 wk 3 	w 
153 -0.07 -0.17 -0.38 -0.59 691.0 108.0 
Kodak 1 +0.01 +0.01 +0.02 +0.01 695.5 137.0 
Kodak 2 0.00 -5 1 -0.05 -0.15 696.5 143.0 
As can be seen the stability of the dye 153 is very low compared to the two Kodak 
standards with a 17% loss of intensity in the light test against negligible loss for the 
Kodak standards; and a loss of intensity of 59% in the dark wet fade test compared to 
no loss for Kodak land 15% loss for Kodak2. 
The table does also show the visible spectra results, which are favourable on 
comparison. These results illustrate the many requirements needed for a successful 
colour coupler as a coupler with a good k m  and a narrow half height width is no use 
if the dye is unstable. 
The yellow colour of the coupler itself was possibly due to the three phenyl rings, 
thus the derivative with three alkyl groups in place of the phenyls was synthesised 
using tri-n-butylphosphine in the place of the triphenylphoshine used above, 
unfortunately no tributylphospho-imine was produced. 
3.1.3.3.5 	 Debromination Reactions. 
The initial 2amino-5-bromo-3,4-dicyanoPy1Tole 130 compound has the necessary 
requirements needed for a coupler, including the bromo coupling off group. 
However, chioro coupling off groups were generally preferred to the other halogens 
and it was thought that the bromine atom might be contributing to the very low 
solubility of 130, thus the debromination of 130 was investigated. It would also 
prove advantageous in the full assignment of the 13C NMR spectra. 
As mentioned earlier, there was chlorine I bromine substitution observed with 
methanolic hydrochloric acid. However, the chlorinated aminopyrrole was only 
stable in the reductive environment of the borohydride reaction. 
A method utilising tributyltin hydride for the reductive debromination was found and 
used with success, as shown below (scheme 65). The aminopyrrole was dissolved in 
hot acetonitrile, a trace amount of the initiator AIBN and 1.4 equivalents of 
tributyltin hydride were added and the mixture was heated at reflux for two hours to 




130 AIBN = NCCMe2N=NCMe2CN 154 
Scheme 65. 
In this reaction, as well as the desired product, there were some unwanted tin 
residues present. These were detected from the mass spectra. The molecular ion 
peak of 154 at m.1z 132 was present; this was not just a breakdown peak from the 
starting material, as this would have given a peak at nilz 131. There was in addition a 
quintet pattern centred at m/z 314 due to the Bu 2SnBr ion; the complex pattern was 
due to the isotopes of bromine and tin. Breakdown peaks at 257 and 199 arose from 
the loss of the butyl groups. These tin residues had to be removed and this was 
accomplished by a work up procedure that involved the washing of the reaction 
mixture with hexane and acetonitrile. The tin residues would dissolve in the hexane 
and the product 154 in the acetonitrile. However, this did not remove the tin 
completely, but this was achieved by column chromatography. 
The same conditions were used to debrominate the N-methylpyrrole derivative 133 
(scheme 66). NC 	CN 




133 AIBN = NCCMe2N=NCMe2CN 155 
Scheme 66. 
This reaction gave the product along with a great deal of starting material. However, 
if the reaction mixture was reacted with another quantity of the tinhydride and the 
initiator then full conversion to the product 155 occurred in 68% yield. Thus it 
seemed that the reactants were decomposing under the reaction conditions before 
they could facilitate the full conversion of the bromopyrrole to the product. It is 
possible that the use of a syringe pump for addition of the reagents might have 
proved more successful. 
As this tin hydride reduction proved to give impure products, an alternative was 
investigated. A hydrogenolysis method had proved to yield pure products and thus 
this method of removing the bromine was employed. This route involved the 
hydrogenation in the presence of sodium hydroxide using 2-ethoxyethanol as the 
solvent. The optimum conditions were found and used to debrominate 130 and 133 
to give 2-amino-3,4-dicyano-pyrrole 154 and 2-amino-3,4-dicyano- 1 -methylpyrrole 
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Scheme 67. 
NMR Spectra of the Debrominated compounds. 
These were the first compounds that we could study using 'H NMR spectroscopy to 
monitor protons on the ring. The parent pyrrole 154 gave the CH peak at 6H  7.09 
ppm with the NH2 peak at 6.29 ppm. In the case of the methylpyrrole 155 the CH 
resonated at 6H  7.18 ppm and the NH2 at 6.50 ppm, with the methyl peak at 3.44 
ppm. By comparison with the chemical shifts of the u-protons in pyrrole itself (6.62 
ppm), it appears that the electron withdrawing effect of the cyano group (1) 





The ' 3C NMR spectra gave us the information that was required to fully assign the 
original carbon spectra of the parent pyrrole 130 (section 3.1.3.3.8). The CH peak as 
identified from a DEPT experiment resonated at 122.6 ppm for the pyrrole 154 and at 
126.0 ppm for the methylpyrrole 155. The other peaks were in approximately the 
same positions as in the original pyrrole spectrum as can be seen in table 15. 
Table 15. 
' 3 C NMR Spectra of 130, 133, 154 and 155. 
H)N 5 X 
X = Br, H 
H, Me 
SC 130 133 154 155 
 70.86 70.34 69.79 70.04 
 92.71 92.47 90.81 89.51 
C(S) 103.37 106.98 122.61 (CH) 126.02 (CH) 
 114.30 114.07 115.42 115.12 
 115.03 114.76 115.77 115.58 
C(2) 149.77 149.09 148.91 148.64 
Once these debrominated compounds were synthesised they were reacted with N-
chiorosuccinamide (NCS) in an attempt to chlorinated the now vacant 5-position. 
Unfortunately, only extensive polymerisation occurred and no desired products were 
produced. 
3.1.3.3.6 	 Cyclisation Reactions. 
It is known that under certain conditions 2-amino-5-bromo-3,4-dicyanopyrrole 130 
can be cyclised to give 5,6-bicyclic products. These reactions have been performed 
predominantly by nucleoside chemists in the search for possible biologically active 
agents. 86,90 
However, these pyrrolopyrimidines were also potential colour couplers as long as the 
pyrrole nitrogen is unsubstituted, thus these systems were investigated. 
IM 
A route to these pyrrolopyrimidines involved the initial protection of the ring 
nitrogen on the pyrrole by alkylation, followed by reaction with triethyl orthoformate 
to give the iminyl derivatives 156 these were then treated with methanolic ammonia 
to convert them into the protected pyrrolopyrimidines 157 as shown in scheme 68. 
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Scheme 68. 
This reaction sequence was followed using the unprotected 130, but unfortunately 
although the imine intermediate was made successfully the reaction to give the 
bicyclic product failed under a number of conditions. This was attributed to the fact 
the ring nitrogen was not protected. 
As this ring proton was essential for the activity of the potential colour coupler an 
alternative route to these pyrrolopyrimidines was investigated. A one step synthesis 
was employed that involved the reaction of 130 with formamidine acetate. 90 This was 
repeated to give 4-amino-6-bromo-5-cyano-IH-pyrrolo[2,3-d}pyrimidine 158 in 56% 











Scheme 69. 	 158 
4-Amino-6-bromo-5-cyano-IH-pyrrolo[2,3-d]pyrimidine 158 was acylated as for the 
aminopyrrole 130 using isobutryl chloride to give 5-cyano-6-bromo-4-









These two pyrrolopyrimidines were reacted with oxidised developer to test their 
activity as colour couplers, unfortunately no dyes were produced. 
3.1.3.3.7 	Reactions With Meidrum's Acid. 
Following the synthesis of the [5,6]-bicycle 158, a number of other systems were 
examined as potential colour couplers. The use of Meidrum's acid derivatives as 
synthetic reagents is well known 91 and reactions involving these were investigated. 
Methoxymethylene Meldrum' s acid (5-methoxymethylene-2,2-dimethyl- 1,3-
dioxane-4,6-dione) 160 is known to react with amines with loss of methanol to give 
condensed products. 
There have been many studies on the reaction of methoxymethylene Meldrum's acid 
160 with a number of nucleophilic compounds to give intermediates that when 
subjected to conditions of high temperatures under a vacuum produce condensed ring 
systems. 
In the search for novel colour couplers, a number of heterocyclic bicycles were 
chosen that could be synthesised using these techniques outlined below. Thus these 
target compounds were obtainable in two simple steps. 
lH-2-Amino-3,4-dicyano-5-bromopyrrole 130 and two heterocyclic amines that 
were available commercially IH-2-amino-1,3,4-triazole 161 and 1H-2-amino-4,5-
dicyanoimidazole 162 were reacted with methoxymethylene Meldrum's acid 







160 	Scheme 70. 
Table 16. 
Heterocyclic amine Product Time Mrs % Yield 
1 163 2.0 68 
1H2amino4,5dicyanOimidaZ0le 164 1.0 87 
1H2amino-1,3,4-tri0le 165 0.5 93 
In the above reactions the methoxymethylene Meidrums acid could have reacted with 
the ring nitrogen and not the exocyclic nitrogen as shown. The 'H NMR spectra 
showed that it had in fact attached itself to the exocyclic nitrogen. The spectra of all 
the compounds gave the characteristic peak at 1.64-1.67 ppm for the two methyls, 
the singlet at 8.41-8.66 ppm for the CH, and another broader singlet at 11.32-11.45 
ppm, corresponding to the NH peak. If the Meidrums group had reacted on the ring 
nitrogen, then there would be an NH2 peak and it would not be in the 11 ppm region 
of the 'H NMR spectra. 
These three compounds were all subjected to flash vacuum pyrolysis conditions in 
order to form some bicyclic products, which could be potential colour couplers. 
Pyrolytic technique. 
The apparatus that was required for the pyrolysis of these derivatives was the typical 
flash vacuum pyrolysis equipment outlined in figure 8. 
This involves the inlet tube in which the pyrolysis precursor is heated by a Kugelrohr 
oven to sublimation, this tube is connected to the furnace tube which is heated by the 
furnace at temperatures up to 900 C. At the exit of the furnace the pyrolysis products 
are trapped in the product trap that is kept cold by a dewar of liquid nitrogen. The 
whole system of glass tubes is subjected to a high vacuum imparted by a vacuum 
91 
pump and this vacuum can be improved through the use of a diffusion pump that can 




Product 	 Gauge 





ii LLim4'j Oven 
Ternperati.iie 
Control 	 Liquid 
Unit Nitrogen 
Figure 8. Standard FVP apparatus. 
All three of the above precursor Meldrum's acid derivatives were heated under 
vacuum in the inlet tube until sublimation occurred. Subsequently, the single 
sublimed molecules passed through the furnace and underwent thermal reactions due 
to the heat of the furnace (table 17). The low concentration of the molecules due to 
the high vacuum and the high temperatures induces intramolecular and not 
intermolecular reactions. 
Table 17. 
Inlet Temp/°C Furnace Temp/°C Pressure/mmHg Time/firs 
163 210-240 700 0.05 3 
164 190-210 650 0.05 2.5 




The formation of bicyclic compound from the pyrolysis of these Meidrums acid 












In this example the 2-aminopyrrole derivative is used, the first step is the loss of 
acetone and carbon dioxide to form the highly reactive ketene intermediate 166, 












163 	Scheme 72. 
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Pyrolysis of 
I ,3-dioxane-4,6-diOfle 163 gave 4-bromo-2,3-dicyanopyrrOlO[ I ,5-a]pyrimidin-6-one 
168 as the product as shown in scheme 72, but although the bicyclic product was 
produced in an extremely low yield (11%) it gave a good clean NMR spectrum 
showing two doublets only at 8H  5.86 and 7.97 ppm. The low yield was due to the 
compounds decomposing in the entry tube of the FVP apparatus and not subliming 
into the gas phase. The problems with the sublimation came from the very polar 
nature of the compounds and hence their extremely low volatility. 
The thermolysis of the aminoimidazole derivative (5-N-(2-amino-4,5-
dicyanoimidazole)methylene-2,2dimethYt1 ,3-dioxane-4,6-dione 164 gave 3,4-
dicyano imidazolo [1,5-a]pyrimidin60ne 169 as the bicyclic product in 22% yield as 






164 	Scheme 73. 
The triazole product 	(5-N-(2-amino- 1 ,3,4-triazole)methylene-2,2-dimethyl- 1,3- 
dioxane-4,6-dione 165 gave two isomers triazolo[1,5-a]pyrimidin-9-one 170A and 
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Scheme 74. 
The ratio of the products depended on the temperature of the FVP reaction with one 
component (36% of the mixture at 400 °C) rising to 69% at 700 °C with a 
corresponding change in the percentage of the other component. This reaction had 
been performed before 92  but it had not been determined which product was which. 
Thus we attempted to do this; firstly by separating the two compounds using column 
chromatography, this proved unsuccessful. However we did manage to determine 
the nature of each compound by performing a large scale thermolysis and 
deciphering the 13 C spectrum. A paper 92  had been published concerning the structure 
of triazolo-pyrimidinones and their 13 C spectra. It gave the chemical shift of the 
triazole carbon atoms at the positions marked X and V in scheme 74 as 163 ppm and 
143 ppm respectively. Our thermolysis gave a similar result which allowed us to 
assign the spectrum, isomer A resonating at 163 ppm and isomer B at 143 ppm, 
however a fully confident assignment was achieved by a fully-coupled 13 C spectrum 
of the mixture. Thus the triazole CH's occurred as simple doublets with large one 
bond coupling constants at 6c 151.93 (major, 1J 209.0 Hz) and 133.23 (minor, 'f 
222.8 Hz), whereas the pyrimidine carbon atoms resonated as a doublet of doublets 
at 6c  140.60 (major, 'J 183.6, 2J 3.3 Hz) and as a broad doublet at 3c  148.20 (minor, 
Li 180.8 Hz) with smaller coupling constants. The triazole CH's are separated by 
approximately 20 ppm; the major (thermodynamic) product at 700 °C has the more 
deshielded triazole carbon atom and is therefore identified as the [1,5-a] isomer 
170B. Hence the kinetic product 170A is formed by cyclisation onto the 4-position 
of the initial triazole ring. 
3.1.3.3.8 	 X-Ray Studies. 
Crystals suitable for X-ray analysis of 2-amino-5-bromo-3,4-dicyanopyrrole 130 and 
2-amino-5-bromo-3,4-dicyano-l-methylpyrrole 133 were made from concentrated 
ethanolic solutions by slow evaporation. The quality of the 2-amino-5-bromo-3,4-
dicyanopyrrole 130 crystal was too poor for accurate analysis although the 
connectivity of the pyrrole ring was proved categorically. However, the crystal of 2-
amino-5-bromo-3,4-dicyano- 1 -methylpyrrole 133 was of reasonable quality. 
Due to the difficulties in the growing of appropriate single crystals of these 2-
aminopyrroles for X-ray diffraction studies, there are only three reported in the 
literature 93 ' 94 ' 96 (figure 9), but as can be seen 171 and 172 have large protecting 
groups and are not considered further. 
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Compound 173, as can be seen, has most of the features present that are also present 
in 133. Special interest will be in the comparison of the bond lengths and angles of 
this compound with those of 2-amino-5-bromo-3,4-dicyano-l-methylpyrrole 133, 
especially the cyano groups, the pyrrole ring and the amino group. The structural 







Bond Lengths (A) 133 
N-Methylpyrrole 
Bond Angles (°) 133 
N(1) - C(2) 1.371(7) C(2) - N(1) - C(S) 108.4(4) 
N(1) - C(S) 1.366(6) N(l) - C(2) - C(3) 108.4 (5) 
- C(3) 1.395(6) C(2) - C(3) - C(4) 106.4(5) 
- C(4) 1.430(8) C(S) - C(4) - C(3) 106.8 (4) 
- C(S) 1.362(7) N(1) - C(S) - C(4) 109.9(5) 
N(1)-C(11) 1.453(6) C(2)-N(1)—C(11) 123.8(4) 
C(2) - N(2) 1.353(7) C(S) - N(1) - C(I!) 127.8(4) 
C(3) - C(31) 1.407(8) - C(2) - N(2) 121.8(4) 
C(31) - N(31) 1.153(7) - C(2) - C(3) 129.7(5) 
C(4) - C(41) 1.437(7) C(31) - C(3) - C(2) 125.9(5) 
C(41) - N(41) 1.140(6) C(31) - C(3) - C(4) 127.6(4) 
C(S) - Br(S) 1.858 (5) N(31) - C(31) - C(3) 179.4(6) 
C(41) - C(4) - C(3) 127.4 (5) 
C(S) - C(4) - C(4 !) 125.8(5) 
N(41)-C(41)—C(4) 178.4(6) 
N(1) - C(S) - Br(S) 120.8(3) 
C(4) - C(S) - Br(S) -129.3(4) 
1 1 
Me 
A comparison of the two compounds was made and the relevant bond lengths and 
angles are given in table 19. 
Table 19. 	 X-Ray Data. 
Bond Lengths (A) Methylpyrrole. 133 Diphenylpyrrole. 173 
- C(3) 1.395(6) 1.3749(5) 
- C(4) 1.430(g) 1.4358(4) 
- C(S)) 1.362(7) 1.3633(6) 
N(1) - C(2) 1.371 (7) 1.3728 (5) 
N(1) - C(S) 1.366(6) 1.3990(3) 
- C(31) 1.407(8) 1.4113(5) 
- C(41) 1.437(7) 1.4299(4) 
C(2) - N(21) 1.353(7) 1.3460(5) 
C(S) - Br(S) 1.858 (5) - 
Bond Angles (°) 
N(1) - C(2) - C(3) 108.4 (5) 108.10(3) 
N(1) - C(2) - N(21) 121.8(4) 122.54(4) 
C(2) - C(3) - C(4) 106.4(5) 106.89(2) 
- C(3 - C(31) 125.9 (5) 
.
123.73(5) 
N(21) - C(2) - C(3) 127.7(5) 129.36 (5) 
- C(4) - C(S) 106.8(4) 108.41 (3) 
- C(S) - N(l) 109.9 (5) 106.93(3) 
C(3) - C(4) - C(41) 127.4 (5) 124.13(4) 
C(4) - C(S) - Br(S) 129.3(4) - 
N(l) - C(S) 7  Br(S) 120.8(3) - 
The bond lengths and angles of the two compounds are very similar, as might be 
expected due to the similar nature of the two compounds. 
On comparing the two sets of results it can be seen that all the bond lengths are 
within 0.01 A of each other, with the only exception the N(1) - C(S) bond which is 
significantly longer in the diphenyl compound. This would be expected, as there is a 
great difference in the adjacent groups in the two compounds. It must also be noted 
that the standard deviations of the results for compound 133 were between 5 and 8 in 
the third decimal place for the bond lengths, whereas the errors in the structure of 
173 were factor often better. 
There was also an X-ray paper published recently, which had relevance to the X-ray 
structure of 133. This paper 96  gave the X-ray structure of the 1,1 -diamino-2,2-
dicyanoethene compound 174 (figure II), and as can be seen this compound has as 
part of its structure the same section as amino pyrrole 133. Thus its bond lengths and 
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Figure 11. 	 133 
Table 20. 
Bond Lengths (A) Diamino Compound 174 Aminocyanopyrrole 133 
N(l)-C(1) 1.330(2) 1.353(7) 
C(l)-C(2) 1.413(2) 1.395(6) 
- C(3) 1.404(2) 1.407(8) 
- N(2) 1.148(2) 1.153(7) 
Bond Angles (°) 
N(l)-C(1)-C(2) 120.7(l) 129.7(5) 
C(l) - C(2) - C(3) 119.6(1) 125.9(5) 
C(2) - C(3) - N(2) 178.9(l) 179.4(6) 
Despite the obvious differences in the two compounds the bond length parameters 
are rather similar, particularly, the cyano group bond lengths which are closely 
comparable for the two compounds. 
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3.2 	Pyrazolo F 1,5-al pyridin-5-ols. 
3.2.1 	 Background. 
The above pyrazofo[1,5-a]pyridin-5-ol system was chosen from a fist of bicyclic 
heterocycles that were identified from computer modelling as potential novel colour 
couplers. This compound was only accessible via the use of flash vacuum pyrolysis 
techniques and as this methodology was available these compounds were 
investigated. 
The chemistry of the parent pyrazolopyridine ring system has been reviewed. 97 
However, this pyrazolo[1,5-a}pyridin-5-ol was first reported in the thesis by Besida 98 
in 1980 and published as the wrong tautomer 175a in 1985 by Brown and 
coworkers?9 There were further reports in 1994 by Brown ci al'°°" ° ' in which the 
correct tautomer 175b was identified by NMR spectroscopy and X-ray 
crystallography of the O-benzoate confirmed the phenolic nature of the fused ring 
system rather than the IN-5-one structure 175a. A variety of derivatives were also 







3.2.1.1 	Synthesis of pyrazolol 1 ,5-a]pyridin-5-ols 
The synthesis of these bicycles was performed by the condensation of substituted 
pyrazoles with propiolic acid to give the FVP precursors 176, that under pyrolysis 
conditions cyclised to give the pyrazolo[ I ,5-a]pyridin-5-ols. 
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The mechanism for the formation of these pyrazolo[1,5-a]pyridin-5-ols is shown in 
scheme 75. The first step is the migration of the propynoyl group of the 1-
propynoylpyrazole 176 from Ni to N2, resulting in inversion of the three carbon 
chain and the production of the pyrazolylpropadienone 177. This intermediate then 
undergoes 1,8-hydrogen migration to form the dipolar ketene 178 which 


















Scheme 75. 	179 
The above scheme was a dipolar variant of the McMullen' 02  synthesis of 2-naphthol 
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Scheme 76. 
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The pyrolysis of these propynoylpyrazoles gave the pyrazolopyridinols in reasonable 










The formation of these N-ethynylpyrazoles 181 impurities follows the same path as 
the main product formation (scheme 77) and not via direct elimination of carbon 
monoxide. 
3.2.1.2 	Reactions of pyrazolo[ 1 ,5-alpyridin-5-ols 
A number of electrophilic substitution reactions' ° ' were performed on 2-
methylpyrazolo[1,5-a]pyridin-5-ol 182 and it was found that bromination and 
nitration gave mixtures of mono and disubstituted products (scheme 78). Nitrosation 
with sodium nitrite in acetic acid gave the 3-hydroxyimino compound 183 as a bright 
yellow powder. 
The 3-nitroso derivative 184 that was produced from the nitrosation of the 0-methyl 
derivative 185 is deep green in colour. 
The encouraging aspect of these nitrosations is that they show that the ring system is 
reactive towards electrophiles, thus indicating probable coupler activity by reaction 
with oxidised developer. 
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The precise structure of this bicyclic system was suggested by 'H NMR spectroscopy 
and it was confirmed by an X-ray diffraction study of the benzoate derivative 186. It 
was found that the geometry was very similar to a 7-substituted pyrazolo[1,5-
a]pyridine 2,3-diester 187 . 103 
E 






3.2.2.1 	 Synthesis and Dye Formation. 
As shown above the published route to this ring system involved the reaction of 
acetylenic acids with pyrazoles to give the N-alkynoylpyrazole intermediates that are 
subsequently pyrolysed. This existing methodology was used to synthesise the 
known 2-methyl compound together with a number of new derivatives, in an attempt 
to change the electronic structure of the system to create novel potential colour 
couplers. 
The results from the electrophilic reactions performed by Brown' 0 ' indicated that the 
pyrazolo[1,5-a]pyridinol systems were reactive towards electrophiles at two sites. 
These two positions are the positions 3 and 4 of the ring system and thus these two 
positions are the two potential coupling sites for the colour coupler. 
The initial aims were to repeat the synthesis of the known compounds and test their 
activity as colour couplers. 2-Methylpyrazolo[1,5-a]pyridinol 182 has both coupling 
sites available for reaction with oxidised developer, whereas the other known 
derivative 2,3-dimethylpyrazolo[1,5-a]pyridinol 188 (derived from 3,4,5-
trimethylpyrazole 189) has a methyl substituent at the 3-position and thus only has 
the 4-position available for coupling. This blocking of the 3-position was important 
to ascertain the effect it had on the dyes produced from the oxidised development of 
these two derivatives. 
Once the compound with the 3-position blocked (188) had been made, it was 
important to synthesise the derivative with the 3-position available for coupling and 
the 4-position blocked for comparison. This was accomplished by the use of 3,5-
diethylpyrazole 190 which would give 2-ethyl-4-methylpyrazolo[ 1 ,5-a]pyridinol 
191. 
The starting materials for the pyrazolo[1,5-a]pyridinol systems were 2,4-diones. The 
substituted pyrazoles were formed by the condensation of these diones with 
hydrazine. Reaction with propiolic acid in the presence of dicyclohexylcarbodiimide 
(DCC) gave the pyrolysis precursors that under standard flash vacuum pyrolysis 
conditions gave the pyrazolo[1,5-a]pyridinols (scheme 79). 
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The derivatives that were made are given in table 21. 





NH2NH2 	 = 1 OH 
'N R HR 	 I 
Table 21. H 
NR' 
R' R2 R3 
182 Me H Me H 
188 Me Me Me H 





Scheme 79.  
LN N' 
The two diones, 3-methylpenta-2,4-dione and hepta-3,5-dione were available 
commercially, the pyrazoles were formed by the addition of these diones to a stirred 
solution of hydrazine hydrate in ethanol with a little acetic acid (scheme 80). 3,4,5-
Trimethylpyrazole 189 was formed' °4 from 3-methylpentan-2,4-dione, and 3,5-
diethylpyrazole 190 from hepta-3,5-dione, both in quantitative yields. 3,5-
Dimethylpyrazole 192 was commercially available. 





R' R2 R3 
192 Me H Me 
189 Me Me Me 
190 Et H Et 
Scheme 80. 
These three pyrazoles were reacted with propiolic acid and dicyclohexylcarbodiimide 
(DCC) in methylene chloride to give 3,5-dimethyl-l-propynoylpyrazole 193, 3,4,5-







193 Me H Me 92 
194 Me Me Me 86 
195 Et H Et 83 
Due to the symmetrical nature of the pyrazole rings it was not important which 
nitrogen atom was acylated in these cases. 
The pyrolyses of the propynoylpyrazole derivatives (scheme 81) were carried out 
under the standard conditions of a furnace temperature of 650°C, inlet 
temperature of 120-150 °C and a pressure of generally 0.02 Torr. Each 2 mmol 












Table 22. % 
182 Me H Me 11 78 
188 Me Me Me H 64 
191 Et 1-I Et Me 71 
As reported by Brown' ° ' there was a significant quantity (15%) of N-
ethynylpyrazoles 181 produced during the pyrolyses of these propynoylpyrazoles. 
The three pyrazolo[1,5-a]pyridinols were tested for their activity as colour couplers 
by spraying the tic spots with a solution of the standard developer and oxidised by a 
potassium persulfate solution. All gave encouraging coloured spots under these 
conditions. 2-Methyipyrazolo[1,5-a]pyridin-5-ol 182 gave a blue / green colour, 2,3-
dimethylpyrazolo[1 ,5-a]pyridin-5-ol 188 gave a green spot and a cyan spot was 
produced from 2-ethyl-4-methylpyrazolo[ 1 ,5-a]pyridin-5-ol 191. The dyes were 
made in solution and the UV-vis spectra (figures 12, 13 and 14) showed a number of 












Compound 191 showed the most promising colour, so it was thought that the 
blocking of one of the two coupling positions was beneficial to the coupler and that 
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Figure 12. 
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Figure 14. 
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The three visible spectra are given above and as can be seen there are multiple 
absorption bands and it is this that causes the dyes to appear murky. The extended 
length of the conjugation path in the dye of compound 191 contributes to the 
enhanced cyan colour of this derivative compared with the dye from 188. 
In order to explore the possibility of introducing a ballast, the synthesis of a phenyl 
substituted derivative was contemplated. 3,5-Dibenzylpyrazole was chosen as the 
precursor as it was symmetrical, and hence acylation on either N-atom would give 
the same product. Although this compound is known, it was previously made by a 
multistep low yielding approach involving chromatographic separation of the 
product. 
As the other pyrazoles were made via their respective diones the same route was 
used for the production of 3,5-dibenzylpyrazole 196. 
A two step process via phenylacetic anhydride' °5 was used. Phenylacetic anhydride 
was formed from the reaction of phenylacetyl chloride with phenylacetic acid and 
sodium hydroxide, and then this was reacted with diethyl malonate in a two phase 
reaction with magnesium oxide and tetrabutylammonium bromide as the phase 










Scheme 82. 	197 
The product was complexed with copper acetate to remove it from the reaction 
mixture and then the copper complex was decomposed with concentrated sulfuric 
acid to give 1,5-diphenylpentane-2,4-dione' 06 197 in 64% yield (26% overall). 
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This method was preferred over an alternative multistep route 107 for the production 
of 3-unsubstituted 1 ,5-diaryl-2-4-pentanediones from 2-isoxazolines via 3-hydroxy 
ketones. 
The dione was reacted with hydrazine to give 3-5-dibenzylpyrazole 196 in 33% 
yield, the propargyl intermediate was made in 45% yield and the pyrolysis was 









At an inlet temperature of 160 °C and a pressure of 0.01 Tort, only a very small 
quantity of precursor was volatilised and there was substantial (91%) residue in the 
inlet tube. This result indicated the limitations of flash vacuum pyrolysis for the 
pyrolysis of involatile precursors. However, there was a trace product observed in 
the trap that gave a cyan coloured spot on development. An improvement in the 
vacuum under the conditions using a diffusion pump gave a marginal increase in the 
yield but no sizeable quantity of product was produced. 
As shown above the derivatives that had been synthesised did give colours on 
reaction with the oxidised developer but the dyes produced had low intensity (low 
smax) and they did not give a single peak in the visible spectra. Thus, a change in the 
substitution of the bicycle was needed. The introduction of an electron withdrawing 
group into the ring system would increase the pKa and therefore improve the dye 
forming properties of the compound. The trifluoromethyl group was used as this 
substituent and 4-methyl-2-trifluoromethylpyrazolo[ I ,5-a]pyridin-5-ol 198 was made 
via the dione l-propionyl-3,3,3-trifluoroacetone 199. 
The dione was synthesised' 08 from ethyl trifluoroacetate 200, butan-2-one and 
anhydrous sodium methoxide (scheme 84) in 59% yield. 
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0 	 0 	 0 0 
-A + 	 NaOMe Et 	Me CF3 
200 	Scheme 84. 	 199 
The fact that the above reaction occurs at the a-carbon rather than at either carbon of 
the ethyl group of butan-2-one was shown by the comparison of the physical 
properties of the copper chelates formed from 1-propionyl-3,3,3-trifluoroacetone 199 
and from the diketone formed by the methylation of 1-acetyl-3,3,3-trifluoroacetone. 
A study of the 'H NMR spectrum of 199 (in 2 [H] chloroform) showed that it existed 
entirely as the enol form 5-hydroxy-6,6,6-trifluoro-hex-4-ene-3-one 201. 
CF? J' Et 	CF'LZ" Et 
201 
100% 
This was clear from the presence of the CH at 5.87 ppm and the lack of any CH 2 
singlet in the 'H NMR spectrum. 
The pyrazole was again formed by the reaction of hydrazine with 201; 1H-3-ethyl-5-
trifluoromethylpyrazole 202 was made in 87% yield. Compound 202 was 
subsequently reacted with propiolic acid in the presence of 1,3-
dicyclohexylcarbodiimide as previously described to give the acylated pyrazole 203. 
In this case it was vital that the acylation occurred at the correct nitrogen atom in the 
pyrazole ring as the pyrazole is not symmetrical. Thus the propynoyl group must be 
attached to N-i of 3-ethyl-5-trifluromethylpyrazole as it rotates and migrates to N-2 
before abstracting the proton from the methylene group on the adjacent ethyl group 
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The acylation of 3 -ethyl -5-trifluorOmethylpyrazOle occurred exclusively at N-I. This 
can be explained by the adjacent electron withdrawing CF3 group stabilising the N-i 
anion inductively. 
Fortunately the correct propynoylpyrazole isomer 203 was formed from the 
condensation reaction with propiolic acid and it was pyrolysed as before to give 4-






The reaction of compound 198 with oxidised developer gave a yellow / green dye, 
the UV-visible spectrum is given in figure 15 below that shows the broad absorption 
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Figure 15. 
3.2.3 	Physical Properties (Spectroscopic) Properties 
3.2.3.1 	 NMR Spectra 
NMR Spectra of I -propvnovinvrazoles. 
The one interesting aspect of the NMR spectra of these intermediates it that there is 
four-bond coupling observed in the 'H NMR spectra of 3,5-diethyl-l- 
propynoylpyrazole 195 and 3,5-dimethyl-1-propynoylpyrazole 193 between the 
pyrazolic proton at C-4 and the protons on one of the adjacent methyl I ethyl groups. 
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The coupling constants were 1.1 and 0.9 Hz respectively. This coupling is not 
observed in the spectra of 5-ethyl-3-trifluoromethyl-1-propynoylpyrazole 203, thus 
suggesting that the C-3 alkyl group is responsible for the four-bond coupling with the 
pyrazolic proton and not the C-S alkyl group. 
NMR Spectra of pyrazolo[ 1 ,5-alpyridin-5-ols. 
The details of the 'H and ' 3 C NMR spectra of the pyrazolo[ 1 ,5-a]pyridinols are given 
in tables 23 and 24, the spectra were recorded in [2H5]DMSO for compounds 182, 













6H(2-Me) 2.27 2.22 2.79(Et) CF3 
5H(3) 5.99 2.03(Me) 6.07 6.59 
SH(4) 6.64 6.52 2.27(Me) 2.33(Me) 
5H(50H) 10.71 9.98 8.15 9.24 
5H(6) 6.36 6.30 6.36 6.63 
8H(7) 8.29 8.25 7.93 8.15 
a  4-Bond coupling observed between the unsubstituted positions 4 and 6, J = 2.5 Hz. 
b  3-Bond coupling observed between the positions 6 and 7, J = 7.6 Hz. 
There is a large effect on the chemical shift of the proton at the C-3 position, a 0.6 
ppm increase in oH as the substitution at C-2 changes from alkyl to trifluoromethyl, 
the chemical shifts of the protons at C-6 and 7 are affected but to a lesser extent. 
The methyl group at C-4 causes a shift of 0.3 ppm to lower frequency for the 
chemical shift of the proton at C-7 with no effect for the C-6 proton. 
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8c(2) 154.05 148.95 150.33 144.28 
6c(3) 93.52 99.87 91.89 93.32 
5.(3a) 142.12 139.85 144.14 143.82 
6c(4) 105.39 104.97 107.61 109.11 
151.32 153.08 157.59 150.34 
8c(6) 96.85 95.50 105.57 108.69 
129.41 129.19 125.39 126.53 
5c(2-Me) 13.71 11.87 - 121.22(CF3) 
8c(3-Me) - 7.24 - - 
5c(2-Et) - - 21.35, 13.70 - 
Sc(4-Me) - - 10.90 10.82 
The ' 3C NMR spectra of the three alkyl derivatives 182, 188 and 191 are used 
together to assign the signals due to the carbons at positions 2, 3 and 4 which are 
identified by their change from CH to quaternaries in the three derivatives. The 
remaining two methine carbons differ in chemical shift by up to 30 ppm and the 
carbon adjacent to the bridgehead nitrogen was assigned as the signal with the higher 
chemical shift. 
The quaternary at C(2) was confirmed as the signal at approximately 150 ppm by 
examining the 1 C NMR spectrum for compound 198 and noticing the fluorine 
coupling. This large coupling that is observed between the carbon and the fluorine 
atoms helped with assigning the whole ' 3C NMR spectra as the coupling extended to 
the carbon at position 3 that showed the CH as a quartet with a coupling constant of 
2.3 Hz. The other coupling constants due to the fluorine atom were 269 Hz (for the 
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carbon of the trifluoromethyl group) and 38 Hz (C-2). These observations enabled 
the unequivocal assignment of the ring quaternary carbon atoms in all the 
derivatives. 
The only notable difference in the chemical shifts of the ring carbon atoms of the 
different derivatives occurs when there is a methyl group at C-4 (191 and 198) as 
opposed to hydrogen, this shows up as a shift of approximately 10 ppm to higher 
frequency for the chemical shift of C-6 and a smaller effect (4 ppm) to lower 
frequency for C-7. 
19F NMR Spectra. 
As can be seen in table 25 there is no real change in the chemical shift of the fluorine 
atoms in the trifluoromethyl group for the three compounds 202, 203 and 204 this 
was expected due to similarity of the three environments. 
Table 25. 
ppm 
Pyrazole 202 -63.32 
1-Propynoylpyrazole 203 -64.01 
Pyrazolopyridinol 198 -62.02 
Mass Spectra. 
The mass spectra of the four pyrazolopyridinol derivatives were relatively simple, 
the base peak was due to the molecular-ion or the molecular ion less hydrogen with 
breakdown peaks due to loss of CH3 and CN. 
3.2.3.2 	X-Ray Diffraction of 3,4,5-Trimethylpyrazole. 
3,4,5-Trimethylpyrazole 189 (the intermediate to 2,3-dimethylpyrazolo[1 ,5-
a]pyridinol) gave good quality crystals; these were analysed by X-ray 
crystallography. 
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The results from the X-ray analysis were not as simple as had been hoped. It was 
shown that, in the solid-state, 3,4,5-trimethylpyrazole exists as a disordered structure 
leading to an apparently symmetrical pyrazole structure. The complex system as 
shown in figure 16, consists of a three dimensional chain of pyrazole nuclei linked by 
N-H-N hydrogen bonds between adjacent rings. 
After this work was completed, Elguero et al'09 published a paper on the X-ray 
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Bond Lengths (A) 189 
Trimethylpyrazole 
Bond Angles (°) 189 
N(l) - C(2) 1.355 (2) C(S) - N(1) - N(2) 108.56 (12) 
N(l) - C(S) 1.341 (2) C(3) - N(2) - N(l) 108.22 (12) 
N(2) - C(3) 1.342(2) N(2) - C(3) - C(4) 109.22 (12) 
C(3) - C(4) 1.389(2) N(2) - C(3) - C(31) 121.22 (13) 
C(3) - C(31) 1.495(2) C(4) - C(3) - C(31) 129.57 (13) 
- C(5) 1.388(2) - C(4) - C(3) 104.90 (12) 
C(4) - C(4!) 1.497(2) C(5) - C(4) - C(41) 127.38 (13) 
C(S) - C(51) 1.493(2) - C(4) - C(4 !) 127.72 (13) 
N(1') - C(2') 1.342(2) N(1) - C(S) - C(4) 109.10 (12) 
N(I') - N(I')#1 1.353(2) N(1) - C(S) - C(51) 121.58 (14) 
C(2') - C(3') 1.388(2) - C(5) -C(51) 129.32 (14) 
- C(21') 1.492(2) C(2') - N(1') -N(1')#1 108.39(8) 
- C(2')#1 1.388(2) N(') - C(2') - C(3') 109.21 (12) 
C(3')-C(31') 1.501(3) N(1')-C(2')-C(21') 121.27 (13) 
C(3')-C(2')-C(21') 129.51 (14) 
C(2') - C(3') - C(2')#1 104.8(2) 
C(2') - C(3') - C(31') 127.60(8) 
C(2')#l- C(3') - C(31') 127.60(8) 
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This disordered nature of the crystalline trimethylpyrazole was of interest as there 
have been crystallographic studies of other substituted pyrazoles." °" 
The solid structures of 3,5-dimethylpyrazole 186, 4-bromo-3,5-diphenylpyrazole 206 
and 3,5-diphenylpyrazole 207 were investigated using ' 5N NMR and X-ray 
diffraction. The trimer was observed for the dimethylpyrazole 186, the brominated 
pyrazole 206 was shown to exist as a cyclic dimer in the solid-state and 3,5-





















3.3 	3H-Pyrrotol1 ,2-dl [12,41triazin-4-one. 
3.3.1 	 Background. 
The 3H-pyrrolo[1,2-d[1,2,4]triazin-4-one system was chosen from a selection of 
bicyclic heterocycles that were identified from computer modelling as potential 
novel colour couplers. 
2 80a 
	 N N7 
209 
208 
The parent heterocycle pyrrolo[1,2-d][1,2,4]triazine 209 was first synthesised in 
1972 by the condensation of hydrazine with i ,2-dicarbonylpyrrole derivatives.' 12 
The original routes to the oxo derivatives of these bicycles, the pyrrolotriazinones 
involved the reaction of hydrazine derivatives with N-carbethoxy-2-formylpyrrole 
210. For example reaction of 210 with methylhydrazine gave 3-methylpyrrolo[1 ,2-
d][1,2,4]triazin-4-one 211 directly (scheme 84). However when compound 210 was 
reacted with formylhydrazine the intermediate hydrazone 212 was isolated and this 
was subsequently reacted with mild acid to form 3H-pyrrolo[1,2-d][1,2,4]triazin-4-
one 208 (scheme 86). Similarly compound 210 was reacted with phenylhydrazine 
and ethyl carbazate to give the stable hydrazones, this stability was attributed to the 
extended conjugation of these systems. They were cyclised with mild acid to give 
the pyrrolotriazinones although the yields were disappointing. 













It was suggested' 2 that a preferable reaction to form the unsubstituted 
pyrrolotriazinone 208 would be from 2-formylpyrrole 213 and ethyl carbazate 214. 
This procedure was investigated by Lancelot et all 23 and it was found that the target 
compound 3H-pyrrolo[1,2-d][1,2,4]triazin-4-one 208 was made (scheme 87) from 
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The pyrazolotriazinone was thought to exist as two tautomers; the lactam and the 
lactime (figure 18); however the infra-red spectra of the solid showed a very intense 
carbonyl band with NH bands and no OH band. 
0 	 OH 
RAN_H - - RAN 
Figure 18. 
The NMR spectrum of 208 was compared with that of the parent heterocycle 311-
pyrrolo[1,2-d][1,2,4]triazine 209 and it was found that the triazine (H-I) proton was 
shifted by —1 ppm; this was attributed to the electron withdrawing effect of the 
carbonyl group at the 4-position in 208, but the shielding effect must be due to the 
electon donation from the free electron pair on N(2). 
A number of reactions were performed on this bicycle. It was acetylated with acetic 
anhydride to give 3-acetylpyrro!o[1,2-d][1,2,4]triazin-4-one 216. Bromination at 
120 
room temperature gave the mono brominated product 217; the position of the 
bromine atom was determined by 'l-j  NMR spectroscopy from the disappearance of 
the H(1)-H(6) coupling of 0.5 Hz. Heating the pyrrolotriazinone with bromine in 
chloroform at reflux for eight hours made the tribrominated product 218 (figure 19). 














Lancelot et all  15  studied a number of reactions of these bicycles including 
methylations. It was found that the methylation of 2-methylpyrrolo[1,2-
d][ 1 ,2 ,4]triazine -1 ,4-dione gave mixtures of 0-methylated 219 and N-methylated 





The only X-ray study  116  of the pyrrolo[1,2-d][1,2,4]triazin-4-one system examined 
the structure of the mesionic species 2-tert-butylpyrrolo[ I ,2-cl] [1 ,2,4]tria.zinium-4- 










Scheme 88. 	221 
This was obtained by the acidic de-tert-butylation of 2,3-di-tert-butyl-l-hydroxy- 
1,2,3,4-tctrahydropyrrolo[1,2-d][l,2,4]triazin-4-one 222 (scheme 88). The X-ray 
crystallographic analysis of 221 showed that the two rings were virtually coplanar, 
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and the close similarity of the bond lengths of the triazine ring (table 27) were 
characteristic of extensive conjugation in the lOn-aromatic system. 
Table 27. 
Bond Lengths (A) Pyrrolotriazinium-4-olate 221 
C(9) - C(1) 1.393 
C(1)-N(2) 1.310 
- N(3) 1.383 
- C(4) 1.339 
C(4) - N(5) 1.406 
The C=O bond length of 1.231 A was slightly longer than similar systems, thus 
indicating some single bond character. 
3.3.2. 	Synthesis of Pyrrolo[ 1.2-dill ,2,4]triazin-4-one Derivatives. 
The parent compound 208 was synthesised following the route described by 
Lancelot" 3 with a number of minor refinements. 2-Formylpyrrole 213 was 
condensed with ethyl carbazate 214 to give the stable imine intermediate ethylpyrrol-
2-ylmethylene-hydrazinecarboxylate 215 in 88% yield. This precursor was cyclised 
using sodium propoxide as the base to give the parent ring system pyrrolo[1,2-
d][1,2,4]triazin-4-one 208 in 59% yield. 
The reactivity of pyrrolo[1,2-d][1,2,4]triazin-4-one 208 as a coupler was tested by 
the reaction with oxidised developer, unfortunately there was no dye produced. This 
failure of compound 208 to couple can be attributed to one of two reasons, the pK a of 
the compound is too high or the reactivity of the anion is too low. It was important 
to assess this activity. 
Having developed a good practical route to this ring system it was important to 
investigate the effect of different substituents at different positions on the reactivity 
of the system as a coupler. Electron withdrawing substituents will lower the pKa and 
reduce the reactivity and electron donating groups will increase the pK a and enhance 
the reactivity. 
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No derivatives of this system have previously been synthesised apart from the 
products of simple alkyation, acetylation and bromination of pyrrolo[1,2-
d][1 ,2,4]triazin-4-one 208 peformed by Lancelot. 114  Thus, other synthetic routes 
were investigated to produce these novel compounds. One method that would lead 
to derivatives with substituents in the pyrrole ring (at positions 6, 7 and 8) is to start 
from 2-formylpyrrole derivatives such as 3-and 4-substituted 2-formylpyrroles. 
In the case of subtituents at position-I (in the triazinone ring) the starting materials 
are pyrrole carbonyl compounds such as 2-acetylpyrrole. 
Two compounds that were available via different routes were found as precursors to 
these substituted bicycles, these were 3-cyano-2-formy!pyrrole 223 and 4-
methoxycarbonylpyrrole-2-aldehyde 224. 
A novel route to 3-substituted-2-formylpyrroles involved the photolysis of 4-
substituted-pyridine-N-oxides." 7 Thus this method was used to synthesise 3-cyano-
2-formylpyrrole as this would lead to the pyrrolotriazinone product with the electron 
withdrawing cyano group in the pyrrole ring at the 8-position. The pyridine-N-oxide 
225 was made by the oxidation of 4-cyanopyridine 226 with hydrogen peroxide and 
this was photolysed in copper sulfate solution to give 3-cyano-2-formylpyrrole 223 
in 36% yield after column chromatography (scheme 89). 
CN 
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Scheme 89. 
The reaction of 4-substituted pyridine-N-oxides to form 3-substituted-2-
formylpyrroles has been studied and a possible mechanism postulated; 117,118  the 
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Scheme 90. 	 223 
There are a number of plausible pathways possible as shown. The oxazirine 227 is 
identified as the first and most obvious photoproduct, valence tautomerism of 227 
gives the 1 ,2-oxazepine 228 (route b). The reactive nitrene 229 could be formed by 
the cleavage of the N-O bond (e) followed by intramolecular cyclisation to give the 
pyrrolenine 230 and hence the pyrrole-2-aldehyde 223 (c and d). 
Alternative routes have been suggested. Buchardt et all  stated that the oxazepine 
228 could be formed directly from the N-oxide 225 and transform directly into the 
pyrrolenine 230 by virtue of a [1,3] sigmatropic shift (route c). 
There are other possible products from this photolysis as shown above, the parent 
pyridine 226 is produced by reduction of the N-oxide but the main reason for the low 
yields in these reactions is that the nitrene intermediate 229 isomerises to the 
corresponding acrylonitrile 231 which subsequently polymerises, this route (1) has 




223 	 Scheme 91. 	0 232 
3-Cyano-2-formylpyrrole 223 was condensed with ethyl carbazate and the 
cyclisation was performed as before (scheme 91) to give the bicycle 232 although in 
much reduced yield (19%). 
CN 
C  I N+ 
225 
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The other compound that was used as a precursor to the substituted bicycle was 4-
methoxycarbonylpyrrole-2-aldehyde 224 which was available within the group. 120 
This derivative, with the electron withdrawing group on the 4-position of the pyrrole 
ring was reacted with ethyl carbazate and sodium propoxide to give the bicycle 233 








Scheme 92. 	233 
It was noticed that the methyl group on the 7-ester had been replaced by a propyl 
group, this ester exchange with the solvent gave a potential route to a ballasted 
derivative through cyclisation with sodium and a long chain alcohol. 
However, both 232 and 233 failed to react with the oxidised developer and no dyes 
were produced in either case. 
Due to the failure of these compounds with the electron withdrawing groups on the 
pyrrole ring to form dyes upon development, synthesis of derivatives with the 
substituents in the triazine ring at position-I was attempted. The effect of the 
substituent in the same ring as the ionisable proton could be far greater than the 
effect caused by the substituents in the adjacent pyrrole ring. 
These derivatives were made from various pyrrole carbonyl compounds such as 
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In the first case the ester group was chosen as the electron withdrawing group and 
methyl 2-pyrrolyiglyoxylate 234 was made by the reaction of pyrrole with oxalyl 
chloride followed by sodium methoxide to give 234 in 51% yield (scheme 93). 
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234 Scheme 93. 	235 
A variation on the oxalyl chloride reaction was given by the use of ethyloxalyl 
chloride; this was reacted with pyrrole to give ethyl 2-pyrrolylglyoxylate 235)21 
This reaction was more successful and it gave the clean glyoxylic derivative 235 in 
far better yield (82%) than the sodium methoxide method. 
The two glyoxylic derivatives were condensed with ethyl carbazate to give the 
hydrazones 236 and 237 in respectable yields (39% and 56% respectively) and the 
cyclisation with sodium propoxide as previously performed was attempted. This 
proved to be unsuccessful for both derivatives and in a number of different 
conditions. In most cases a polymeric material was produced. 
Two possible reasons were considered for the failure of the cyclisation reactions. 
First the inductive withdrawing effect of the ester group might reduce the 
nucleophilicity of the pyrrole ring nitrogen but this shown to be unlikely as the 
trifluoromethyl derivative 243 was made successfully. Alternatively, if the geometry 
of the imine was trans in this example the reaction might fail for geometric reasons. 
N-Carbethoxyhydrazone of ethyl 2-pyrrolylglyoxylate 237 was recrystallised many 
times (from ether) and eventually a solid with sufficient crystal quality was formed; 
this was analysed by X-ray crystallography. 
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It was found that the quality of the crystal was not as good as was hoped and full 
structural analysis was not possible. However, the diffraction pattern that was 
produced did give enough information to show that the geometry about the imine 
double bond was in fact trans and not cis. 
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Scheme 94. 
For comparison, a crystal of better quality of the parent imine intermediate 215 was 
grown and this was analysed by X-ray diffraction see below. For this structure the 
standard deviations of the bonds and angles were much more acceptable and figure 
21 shows the double bond of N-carbethoxyhydrazone of 1H-pyrrole 215 to be of 
trans configuration as was the case for the ethoxycarbonyl derivative 237. 
Thus, it was shown that the hydrazone derivatives have the trans conformation and 








Bond Lengths (A) Imine 215 Bond Angles (') Imine 215 
N(l) - C(2) 1.362(3) C(S) - N(1) - C(2) .109.9(2) 
N(l) - C(S) 1.361(3) N(1) - C(2) - C(3) 107.0(2) 
C(2) - C(3) 1.375(3) N(1) - C(2) - C(6) 122.7(2) 
- C(6) 1.434(3) C(3) - C(2) - C(6) 130.3(2) 
- C(4) 1.407(3) C(2) - C(3) - C(4) 107.9(2) 
- C(S) 1.364(3) - C(4) - C(3) 107.1(2) 
- N(7) 1.284(3) N(1) - C(5) - C(4) 108.1(2) 
N(7) - N(S) 1.382(2) N(7) - C(6) - C(2) 121.2(2) 
N(S)- C(9) 1.345(3) C(6) - N(7) - N(8) 114.5(2) 
C(9) - 0(9) 1.210(3) C(9) - N(8) - N(7) 119.1(2) 
C(9) - 0(10) 1.343(3) 0(9) - C(9) - 0(10) 124.6(2) 
0(10) - C(1 1) 1.447(3) 0(9) - C(9) - N(S) 126.3(2) 
C(1 1)— C(12) 1.498(4) 0(10) - C(9) - N(S) 109.1(2) 
C(9)-0(10)—C(11) 115.5(2) 
0(10) - C(11) - C(12) 106.7(2) 
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It is significant that these esters were the only hydrazone derivatives investigated 
which failed to cyclise. It has been shown that the two plausible reasons above are 
incorrect and the fact that the only products observed were polymers suggests that 
there is a polymeric reaction occuring. - 
The intermolecular reaction of the pyrrole nitrogen with the ester carbonyl of an 
adjacent molecule is a possible reason for the failure of the intramolecular cyclisation 
and it would explain the production of the polymer. 
One of the important requirements of any potential coupler compound was the ability 
to introduce a large substituent to act as the ballast group. Thus, a derivative of the 
pyrrolotriazinone was sought that had the necessary grouping, and as the previous 
bicyclic compounds had failed to give dyes on development the effect of the ballast 
group on the reactivity of the compounds as couplers would be of interest. 
The derivatives that have been synthesised so far have had electron withdrawing 
substituents and these have not improved the reactivity of the bicyclic system as a 
colour coupler, thus the derivative with an electron donating group was tested for its 
coupler activity. Utilising 2-aeetylpyrrole as the starting reagent in the reaction 
scheme would give the ring system with the methyl group at the 1-position. Also, a 
simple adaptation of this reaction gives the long chain alkyl substituted compound 
thus it is easy to introduce the ballast group. 
Initially, 2-acetylpyrrole was used to test the viability of the synthetic pathway with 
the alkyl substituent at the 1-position, I -methylpyrrolo[ I ,2-d][I ,2,4]triazin-4-one 239 
was synthesised in 64% yield. Using this route for a long chain carbonylpyrrole 
followed. The trideconylpyrrole 238 below was adapted from a literature method for 
the C9 analogue. 122 
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The pyrrole Grignard reagent was formed from pyrrole, magnesium and methyl 
iodide; this was subsequently reacted with the long chain acid chloride (myristoyl 
chloride) to give tridecanoylpyrrole 238 in 87% yield (scheme 95). 
Ethyl carbazate was reacted with trideconylpyrrole 238 to give N-
carbethoxyhydrazone of trideconylpyrrole in 67% yield, this was cyclised with 
sodium propoxide as before to give I -tridecylpyrrolo[ 1 ,2-d] [1 ,2,4]triazin-4-one 240 
(scheme 96) in 59% yield. 
Once the bicylic system with the ballast group was synthesised, it was reacted with 
oxidised developer. Unfortunately, no reaction occurred and no dye was produced. 
One last reaction was performed in the hope that the presence of a coupling off group 
(in the form of chlorine) would increase the coupler activity by a sufficient amount to 
form the dye. 
1 -Tridecylpyrrolo[ 1 ,2-d] [1 ,2,4]triazin-4-one 240 was chlorinated with N-
chlorosuccinimide (NCS) to give compound 241 with a coupling off group. 
QyC13H27  NH2NHCO2Et No 
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The position of the chlorination was ascertained by an examination of the 'H NMR 
spectrum and it was suggested that the loss of the signal at 7.74 ppm indicated that 
the bicycle was chlorinated at the 6-position. 
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However, neither the chlorinated or unchlorinated ballasted derivatives gave dyes 
upon development. 
The failure of compounds to react with oxidised developer can be attributed to one of 
two reasons, lack of acidity of the coupler (a too high pK a) causing a failure in the 
anion formation or a low reactivity of the anion with the developing agent. 
One of these requirements of coupler activity (low pKa) was examined and the 
acidity of 240 and of the parent ring system 208 were measured at the Kodak 
laboratories. In general good couplers have a pK a of below 10. The results were 
very informative (table 30) as they showed that both systems had pKa's that were 
deemed to be too high for coupler activity and that the introduction of the electron 
donating alkyl group in the 1-position increased the pK a by 1 unit. Thus it was 
thought that if an electron withdrawing group was introduced in the 1-position then it 










pKa 	11.08 	12.04 
Once it was clear that an electron withdrawing substituent was required at 1-position 
in the triazine ring to create an active colour coupler from the pyrrolotriazinone 
system, a route involving the introduction of a trifluromethyl group into the bicycle 
was investigated. 
The 2-trifluoroacetylpyrrole 242 was synthesised as the starting material by reaction 
of pyrrole with trifluoroacetic anhydride at a low temperature (scheme 97). 123 
Reactions at higher temperatures than 0 °C resulted in the production of black tars. 
0 0 
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2-Trifluoroacetylpyrrole 242 was condensed with ethyl carbazate to give the N-
carbethoxyhydrazone of trifluoroacetylpyrrole in 32% yield (after column 
chromatography). 
The hydrazone intermediate was reacted with sodium propoxide, and the residual 
solution acidified with concentrated hydrochloric acid to give the cyclised product 1-
trifluoromethylpyrrolo[ 1 ,2-d] [1 ,2,4]triazin-4-one 243 in 70% yield (scheme 98). 
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Scheme 98. 
Bromine was reacted with I -trifluoromethylpyrrolo[ 1 ,2-d] [1 ,2,4]triazin-4-one 243 to 
give the coupler compound with the bromine coupling off group 6-bromo-1-
trifluoromethylpyrrolo[ 1 ,2-d] [1 ,2,4]triazin-4-one 244. 
Again the 'H NMR spectrum suggested that the halogenation had occurred at the 6-
position by the disappearance of the signal at 7.88 ppm in the 'H NMR spectrum of 
the unbrominated derivative 243. This position was confirmed by X-ray 
crystallography (3.3.4.2). 
Both 1 -trifluoromethylpyrrolo[ 1 ,2-d] [1 ,2,4]triazin-4-one 243 and 6-bromo- 1-
trifluoromethylpyrrolo[ 1 ,2-d] [1 ,2,4]triazin-4-one 244 were reacted with oxidised 
developer with very satisfying results. In both cases a cyan coloured dye was 
produced with an encouraging hue. 
The successful preparation of a cyan colour coupler from this heterocyclic ring 
system was a significant breakthrough following the failure of the previous 
derivatives to react with oxidised developer. As mentioned earlier, the unreactivity 
of potential couplers is due to either a high pKa or the low reactivity of the 
subsequent anion. 
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The pKa measurements that were taken indicated that the pK a of the parent ring 
system was too high, and that a strong electron withdrawing group in the 1-position 
would decrease this sufficiently. This strategy of incorporating an electron 
withdrawing group in the 1-position has been proved to be a success as indicated by 
the activity of 243 as a cyan colour coupler. 
This result has shown how important the nature and position of substituents on a ring 
system is, and that a successful colour coupler can be created from a seemingly 
unreactive compound. 
Due to the successful preparation of 1 -trifluoromethylpyrrolo[ 1 ,2-d] [1 ,2,4]triazin-4-
one 243 as a cyan colour coupler, the next step was to synthesise a ballasted version. 
One possibility involved an extension of the fluorinated group. Reaction of pyrrole 
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Scheme 99. 	245 
Methylation to protect the acid group followed by ethyl carbazate condensation and 
cyclisation was attempted to give the bicycle with the fluorinated ester group for 
extension via ester exchange. However, the methylation was complicated by 
reaction at the nitrogen atom as well as the acid group and unfortunately the further 
reactions failed. (Diazomethane could have been used to selectively methylate the 
acid moiety but time was limited). 
134 
3.3.3.1 	Reactions of pyrrolo[ 1,2-cl 11 ,2,41triazin-4-one. 
As most of the above compounds failed to give dyes on reaction with oxidised 
developer no further reactions were necessary. 
However, the parent pyrrolo[1,2-d][1,2,4]triazin-4-one 208 was subjected to a 
number of reactions (notably halogenations) to incorporate a coupling off group and 
to increase the dye forming reactivity. 
It was found that reaction of compound 208 with electrophiles (in the form of NCS 
or bromine) gave monohalogenated products with substitution at the 6-position as 













The bromination of 208 was repeated using bromine in chloroform at room 
temperature to give 6-bromopyrrolo[ I ,2-ci] [1 ,2,4]triazin-4-one 246 in 87% yield, for 
comparison the chlorination (with N-chlorosuccinimide) was also performed and this 
gave the new derivative 6-chloropyrrolo[1,2-d][1,2,4]triazin-4-one 247 in 96% yield 
(scheme 100). 
The 'H NMR spectra of the two derivatives 246 and 247 indicated that the 
halogenations had occurred at the 6-position. The signals for the protons on the 
pyrrole ring had changed from broad multiplets in the 'H NMR spectrum of 208 to 
clean doublets in the 'H NMR spectra of 246 and 247. 
This suggested substitution at position-6 but position-8 was also possible, thus 
crystals of X-ray diffraction quality were prepared to assign unambiguously the 
substitution (see below section 3.3.4.2). 
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3.3.3.2 	Further Reactions of Pyrrolo[ 1,2-dill ,2,4ltriazin-4-one. 
The activity of the parent heterocycle in respect of its dye forming reactivity was 
studied, as there had been no dye produced from the standard reaction with oxidised 
developer. As described previously, this unreactivity can be attributed to high pK a or 
low reactivity of the anion. 
It has been shown that the pK a of pyrrolo[1,2-d][1,2,4]triazin-4-one 208 is too high 
for coupler activity, it is also known that halogenation of these compounds occurred 
at the 6-position when the reaction was performed in chloroform. 
The reaction of couplers with oxidised developer to form dyes occurs in alkaline 
solution, thus to assess the reactivity of the anion, halogenations were attempted at 
basic pH using either pyridine or HUnigs base as the solvent. This was attempted 
using bromine as before and it was found that no substitution had occurred, 
indicating the unreactivity of the anion of pyrrolo[ 1,2-cl] [1 ,2,4]triazin-4-one 208 
towards electrophiles. 
One more test of the activity of pyrrolo[1,2-d][1,2,4]triazin-4-one 208 was the 
attemped azo-dye formation. In general, a good colour coupler will also form good 
azo-dyes on reaction with a diazonium salt (see magenta couplers p 33). Thus, 
aniline was diazotised and reacted with pyrrolo[1,2-d][1,2,4]triazin-4-one 208 under 
the standard conditions but no dye product was produced indicating again the low 
reactivity of this compound in neutral conditions (too high pKj(see p132). 
Dye Formation. 
The standard developer 4 was reacted under oxidising conditions with the 
unsubstituted pyrrolo[ 1 ,2-d] [1 ,2,4]triazin-4-one 208 and the two halogenated 
derivatives 6-bromopyrrolo[ 1 ,2-d] [1 ,2,4]triazin-4-one 246 and 6-chloropyrrolo[ 1,2-
d][1,2,4]triazin-4-one 247 in an attempt to give the dye product as shown in scheme 
101. These reactions proved unsuccessful due to the high piCa  of the unsubstituted 
derivatives (see section 3.3.2). Similarly, the more active coupler compounds 1-
trifluoromethylpyrrolo[ I ,2-d] [1 ,2,4]triazin-4-one 243 and 6-bromo- 1-
trifluoromethylpyrrolo[ 1 ,2-d] [1 ,2,4]triazin-4-one 244 were reacted as shown. 
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Scheme 101. 
However, although a good cyan dye was produ 
trifluoromethylpyrrolo[ 1,2-d] [I ,2,4]triazin-4-one 243 and 6-bromo- 1-
trifluoromethylpyrrolo[l,2-d][l,2,4]triazin-4-one 244, it was only available in very 
small yields (5%), thus no analyses were obtained. 
The dye produced from the development of 1-trifluoromethylpyrrolo[ 1,2- 
ci] [1 ,2,4}triazin-4-one 	243 	and 	6-bromo-1 -trifluoromethylpyrrolo[ 1,2- 
d][1,2,4]triazin-4-one 244 gave the dye curve given below that showed a Amax of 652 
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However, as can be seen there was an unwanted absorption at 450 nm. 
In an attempt to simplify the synthesis 1-trifluoromethylpyrrolo[1,2-d][1,2,4]triazin-
4-one 243, 2-trifluoroacetylpyrrole 242 and ethyl carbazate 214 were reacted 
together in a microwave. The usability of this alternative heating source was 







3.3.3.3 	 Reactions-(Spraying-up) 
It has been noticed that a number of compounds have reacted with the developer and 
oxidiser to give coloured spots on the tic plates. These spots fade with time. Thus 
the spray technique was a little misleading at times. An example of this was that 
virtually all of the N-carbethoxyhydrazone derivatives gave coloured spots with a 
perfect cyan hue. Most of these faded within the next few hours, but the cyan dye 
produced from N-carbethoxyhydrazone of trideconylpyrrole 239 did not fade and 
was thus thought to be promising. This was synthesised in sufficient quantity for 
photographic analysis and was coated on film and developed under the standard 
conditions. It was found that 239 coated well, but no dye was produced at all. This 
proved that these compounds gave transient dyes on reaction with oxidised 
developer. 
3.3.4 	 Physical (Spectroscopic) Properties. 
3.3.4.1 	 NMR Spectra.
11 
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Table 31. 
Position 6H(1) 8H(3NH) 8H(6) 8H(8) 
208 (parent) 8.04 10.14 7.78 6.76 6.75 
232 (8-CN) 8.47 11.53 7.87 d 2.5 7.25 d 2.5 - 
233(7-CO2Pr) 8.59 11.23 7.65 - 7.32 
239 (1-Me) - 10.19 7.78 6.75 6.65 
240 (1-C131127) - 9.74 7.74 6.72 6.71 
243 (1-CF3) - 9.83 7.88 6.89 6.89 
246 (6-Br) 8.15 12.12 - 6.87 6.80 
247 (6-Cl) 7.87. 9.45 - 6.63 6.59 
241(1-C131 ­127-6-0) - 10.32 - 6.51 6.51 
244(1-CF3-6-Br) - 9.42 - 6.77 6.77 
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Table 31 gives the results of the 1 H NMR spectra for the pyrrolotriazinones. It is 
clear that the signal at the highest chemical shift 7.8-8.6 ppm is due to the proton at 
position-I due to its disappearance in the 1-substituted derivatives. There are two 
other distinct regions in the spectra for the remaining three CH protons in the parent 
compound, two of them give signals at very similar if not the same chemical shift 
and the remaining proton gives rise to a signal at a chemical shift of +1 ppm at 
approximately 7.7 ppm. These resonances are distinguished by the lack of related 
signals in the spectra of the substituted compounds with substituents at the 6, 7 and 8 
positions. 
The NMR spectra of halogenated derivatives helped in assigning the spectra as the 
signal at the highest chemical shift of the pyrrole protons disappeared thus indicating 
the two remaining pyrrole protons to have the lower chemical shifts. 
In general, the introduction of a halogen into the bicyclic ring system shifted the 
signals of the adjacent pyrrolic protons to lower frequency by 0.1-0.2 ppm. 
The halogenation of this bicycle was predicted to occur at the 6-position, the 
published 'H NMR spectra l and our own results indicated this and X-ray 
crystallography of 208, 246 and 247 (3.3.4.2) confirmed this. 
The compounds with no substitution on the pyrrole ring give spectra with the signals 
due to the pyrrole protons H-6, H-7 and H-8 as multiplets due to coupling with the 
protons on positions 6, 7, 8 and I in some cases. The 8-cyano 232 and the 
halogenated derivatives 246 and 247 show clearer signals due to the reduced 
coupling. The spectrum of the 8-cyano compound 232 shows the signals due to H-6 
and H-7 as clean doublets (coupling constant = 2.5 Hz). 
The NMR spectral data that is available in the literature 113,116  quoted very similar 
results for the parent compound 208 and the 6-bromo derivative 246. 
' 3C NMR Spectra. 





Position 8c(1) 5c(4) 5c(6) 8c(7) 8c(8) 8c(8a) 
208 (parent) 132.77 145.45 117.08 115.62 109.70 125.47 
232 (8-CN) 130.05 143.67 117.77 117.60 90.41 130.70 
233 (7-CO2Pr) 129.47 142.92 120.21 110.54 119.45 134.78 
239 (1-Me) 140.69 145.61 117.24 114.15 109.02 126.34 
240(1-C13H27) 144.21 145.34 116.96 115.04 108.76 125.88 
243 (1-CF3) 130.60 144.10 118.67 116.69 109.73 120.85 
246 (6-Br) 136.48 146.52 119.54 115.42 114.19 124.14 
247 (6-Cl) 135.69 144.68 120.25 119.57 j 	113.92 j 	123.74 
241(1-C13H27-6-C1) 143.10 145.21 122.57 116.91 106.47 126.11 
244(1-CF3-6-Br) 132.71 141.81 118.14 113.14 110.74 121.45 
The two compounds with the trifluoromethyl substituents helped in assigning the ' 3 C 
NMR spectra as the coupling from the trifluoromethyl group extended as far as C (8) 
to give the signal as a quartet with 1.5 Hertz coupling. 
The pyrrole carbon atoms give rise to the peaks at chemical shifts from 110-125 ppm 
with the large shift to 90 ppm in the 7-position of the 7-cyano derivative 232, as 
expected for a quaternary carbon with a cyano substituent. The chemical shifts of the 
other pyrrole positions are less affected by the change from a CH to a quaternary 
carbon in the derivatives with substituents in the 6 and 8-positions in compounds 
233, 240, .241, 244,246,247. 
The chemical shifts of the carbonyl carbons on position-4 all came between 142 and 
146 ppm, this is comparable to the chemical shift of the carbonyl of I ,5-diphenylurea 
of 152 ppm. The electron donating groups in the 1-position caused a gain in the 
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chemical shift of C(I) of approximately 10 ppm whereas the electron withdrawing 
trifluoromethyl groups at position-I caused little effect on the chemical shift of C(l). 
As can be seen from the above table, there is little difference in the chemical shifts of 
the different derivatives of the pyrrolo[1,2-d][1,2,4]triazin-4-one. The chemical shift 
of the bridgehead carbon (8a) is shifted from 123-126 ppmto higher frequency by 
the presence of the electron withdrawing groups in the pyrrole ring. 
19F NMR Spectra. 
As can be seen in table 33 there is not much difference in the chemical shift of the 
fluorine atoms in the trifluoromethyl group for the two compounds 243 and 244. 
Table 33. 
243 CF3 —67.85 
244 CF3Br —66.14 
These values are notably 3 ppm lower than the 19F NMR resonances for the series of 
compounds in section 3.2 (table 25). 
3.3.4.2 	 X-Ray Crystallography. 
The five structures given in table 34 were examined by X-ray crystallography 
Table 34. 
The unsubstituted compound 208 was recrystallised from acetone, compound 246 
was recrystallised from ethanol and the chlorinated species 247 was recrystallised 
from ethanol and then evaporated from concentrated chloroform solution, 
The structures of the three pyrrolotriazoles 208, 246 and 247 are given in figures 22, 
23 and 24 with the bond lengths and angles in tables 35, 36 and 37 over the page, 
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Table 35. 
Bond Lengths (A) Pyrrolotriazole 208 Bond Angles (°) 208 
C(l) - N(2) 1.294(2) N(2) - C(l) - C(8A) 123.81 (13). 
C(1) - C(8A) 1.414(2) C(1) - N(2) - N(3) 115.46(11) 
- N(3) 1.3799 (15) C(4) - N(3) - N(2) 128.08 (12) 
- C(4) 1.349(2) 0(4) - C(4) - N(3) 124.00 (13) 
0(4) - C(4) 1.2243 (15) 0(4) - C(4) - N(S) 122.18 (12) 
C(4) - N(S) 1.387(2) N(3) - C(4) - N(S) 113.82(11) 
N(S) - C(6) 1.372(2) C(6) - N(S) - C(4) 128.39(11) 
N(S) - C(8A) 1.396(2) C(6) - N(S) - C(8A) 109.46 (11) 
- C(7) 1.364(2) C(4) - N(S) - C(8A) 122.15(11) 
- C(8) 1.409(2) C(7) - C(6) - N(S) 107.05 (12) 
C(8A) - C(8) 1.376(2) C(6) - C(7) - C(S) 109.33 (12) 
C(8) - C(8A) - N(S) 107.29(11) 
C(8) - C(8A) - C(l) 136.04 (13) 
N(S) - C(8A) - C(l) 116.67(12) 








Bond Lengths (A) Br-pyrrolotriazole 246 Bond Angles (°) 246 
C(l) - N(2) 1.312(9) N(2) - C(l) - C(8A) 123.3(6) 
C(1) - C(8A) 1.399 (10) C(1) - N(2) - N(3) 119.0(6) 
- N(3) 1.238(8) C(4) - N(3) - N(2) 127.9(5) 
- C(4) 1.463(9) 0(4) - C(4) - N(3) 122.7(7) 
0(4) - C(4) 1.232(9) 0(4) - C(4) - N(S) 124.4(6) 
C(4) - N(S) 1.381(8) N(3) - C(4) - N(S) 112.8(6) 
N(S) - C(6) 1.373(8) C(6) - N(S) - C(4) 132.5 (6) 
N(S) - C(8A) 1.446(8) C(6) - N(S) - C(8A) 107.2 (5) 
- C(7) 1.326(10) C(4) - N(5) - C(8A) 120.3(5) 
- C(8) 1.420(10) C(7) - C(6) - N(S) 110.1(6) 
C(8A) - C(8) 1.371 (10) C(6) - C(7) - C(8) 108.6(7) 
C(6) - Br(6) 1.859(7) C(S) - C(8A) - N(S) 106.1(6) 
C(8) - C(8A) - C(1) 137.2(6) 
N(S) - C(8A) - C(1) 116.7(6) 
C(8A) - C(8) - C(7) 108.0(6) 
N(S) - C(6) - Br(6) 122.9(5) 






Bond Lengths (A) CI-Pyrrolotriazote 247 Bond Angles (°) 247 
C(1) - N(2) 1.285(4) N(2) - C(1) - C(8A) 123.6(3) 
C(l) - C(8A) 1.419(4) C(l) - N(2) - N(3) 115,5(3) 
- N(3) 1.372(4) C(4) - N(3) - N(2) 129.1(3) 
- C(4) 1.360(4) 0(4) - C(4) - N(3) 123.8(3) 
0(4) - C(4) 1.222 (3) 0(4) - C(4) - N(S) 123.3(3) 
C(4) - N(S) 1.396(4) N(3) - C(4) - N(S) 112.9(3) 
N(S) - C(6) 1.376(4) C(6) - N(S) - C(4) 130.6(2) 
N(5) - C(8A) 1.404(4) C(6) - N(S) - C(8A) 107.5(2) 
- C(7) 1.353(4) C(4) - N(S) - C(8A) 121.7(2) 
- C(8) 1.401(5) C(7) - C(6) - N(S) 109.1(3) 
C(8A) - C(8) 1.371(4) C(6) - C(7) - C(8) 108.1(3) 
C(6) - CI(6) 1.705(3) C(8) - C(8A) - N(S) 107.5(2) 
C(8) - C(8A) - C(1) 135.4(3) 
N(S) - C(8A) - C(l) 117.1(3) 
C(8A) - C(8) - C(7) 107.9(3) 
N(S) - C(6) - CI(6) 123.5(2) 
C(7) - C(6) - Cl(6) 127.4(3) 
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The first noticeable aspect of the structures of the pyrrolotriazinones is that they are 
very almost planar as shown in figure 22 this planarity was also noticed in the related 
compound 6-bromopyrrolizin-3-one below.' 24  (The normal numbering scheme for 





Bond lengths (A) X=H X=Br X=Cl Pyrrolizinone' 24 
N(S) - C(8A) 1.396(2) 1.446(8) 1.404(4) 1.375(9) 
N(5) - C(6) 1.372(2) 1.373 (8) 1.376(4) 1.370(9) 
- C(7) 1.364(2) 1.326 (10) 1.353(4) 1.353(10) 
- C(8) 1.409(2) 1.420 (10) 1.401 (5) 1.446(10) 
C(8A) - C(8) 1.376(2) 1.371 (10) 1.371 (4) 1.367(10) 
It is noticeable that the parent heterocycle and the chlorinated derivative have very 
similar bond lengths and angles for the pyrrole ring with the largest difference of 
0.011 A (table 38), and it is the bromo derivative 246 that shows large differences 
with much larger esd's. This is most likely to be an artefact of the crystallographic 
process for 246 as well as the effect of the heavier bromine atom on the bicyclic 
structure compared to the relatively light chlorine atom. 
The bond lengths above are compared with the related fused pyrrole system with the 
same amide group 6-bromopyrrolizin-3-one 124 it is clear that the dimensions of the 
pyrrole ring are very similar for the three systems with the only large difference the 












The two possible positions for the halogenation are at positions 6 and 8 of the pyrrole 
ring and the X-ray diffraction of these compounds has unambiguously identified 
position-6 as the correct position. 
As both positions receive electron density from the nitrogen atoms in the two rings, 
the number of resonance structures of the intermediate can explain the position of the 
halogenations. 
Scheme 102. 
There are five resonance structures for substitution at the 6-position (scheme 102) 
where the positive charge is delocalised over both rings, and only four for 
substitution at the 8-position (scheme 103) where the positive charge is only 
delocalised over the triazinone ring and the double bond in the pyrrole ring is left 
intact. 
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Thus, the intermediate for the reaction at the 6-position is more stable than the 8-
position intermediate. 
The only X-ray analysis of this type of compound was performed by Komatsu et al 
116 where the structure of the pyrrolotriazinium-4-olate 221 was examined, the only 
data that was given was the bond distances of the triazine ring, these are compared 
and given in table 39. 
But" +ts 
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Table 39. 	 221 
Bond Lengths (A) 221 208 XH 246 XBr 247 X=Cl 
C(1) - C(8A) 1.393 1.414(2) 1.399 (10) 1.419(4) 
C(l) - N(2) 1.310 1.294(2) 1.312(9) 1.285(4) 
- N(3) 1.383 1.3799 (15) 1.238(8) 1.372(4) 
- C(4) 1.339 1.349(2) 1.463(9) 1.360(4) 
C(4) - N(S) 1.406 1.387(2) 1.381(8) 1.396(4) 
As can be seen the main differences in the pyrrolotriazinium-4-olate 221 and the 
parent pyrrolotriazinone 208 are a 0.2 A gain in the C(8A) - C(1) - N(2) bonds and a 
reduction of 0.12 A in the C(4) - N(5) bond. 
The other two derivatives that have been studied by X-ray crystallography are 1-
trifluoromethylpyrrolo[1,2-d][1,2,4]triazin-4-one 243 to examine the effect of the 
strongly electron withdrawing trifluoromethyl group on the bicyclic structure and 6-
bromo- 1 -trifluoromethylpyrrolo[ 1,2-c/] [1 ,2,4]triazin-4-one 244 to confirm the 
position of the bromination for this derivative, crystals of suitable quality were 
prepared by slow evaporation from concentrated solutions of toluene for 243 and 
methanol for 244, the structures are given in figures 25 and 26 and the bond lengths 







Bond Lengths (A) CF3-pyrrolotriazole 
243 
Bond Angles (°) 243 
C(1) - N(2) 1.292(2) N(2) - C(l) - C(SA) 123.83 (17) 
C(l) - C(8A) 1.428(3) C(l) - N(2) - N(3) 116.15(15) 
- N(3) 1.365(2) C(4) - N(3) - N(2) 127.82 (15) 
- C(4) 1.359(2) 0(4) - C(4) - N(3) 123.54 (16) 
0(4) - C(4) 1.222(2) 0(4) - C(4) - N(S) 122.88 (16) 
C(4) - N(S) 1.381(2) N(3) - C(4) - N(S) 113.58 (15) 
N(S) - C(6) 1.373(2) C(6) - N(5) - C(4) 127.89 (16) 
N(S) - C(8A) 1.397(2) C(6) - N(S) - C(8A) 109.01 (15) 
- C(7) 1.363(3) C(4) - N(S) - C(8A) 123.09 (15) 
- C(8) 1.409(3) C(7) - C(6) - N(S) 107.41 (17) 
C(8A) - C(S) 1.366(3) C(6) - C(7) - C(S) 108.81 (17) 
C(8) - C(SA) - N(S) 107.46(16) 
C(S) - C(8A) - C(l) 137.03 (17) 
N(S) - C(8A) - C(l) 115.5 1(16) 






Bond Lengths (A) Bromo-CF3- 
Pyrrolotriazole 244 
Bond Angles (°) 244 
C(1) - N(2) 1.289 (15) N(2) - C(1) - C(8A) 125.4(11) 
C(1) - C(8A) 1.403 (15) C(1) - N(2) - N(3) 113.4(10) 
- N(3) 1.348 (15) C(4) - N(3) - N(2) 130.7 (10) 
- C(4) 1.344 (13) 0(4) - C(4) - N(3) 124.1 (10) 
0(4) - C(4) 1.248 (13) 0(4) - C(4) - N(S) 122.8 (10) 
C(4) - N(S) 1.389 (12) N(3) - C(4) - N(S) 113.0(10) 
N(S) - C(6) 1.386 (15) C(6) - N(S) - C(4) 130.1 (10) 
N(S) - C(8A) 1.400 (13) C(6) - N(S) - C(8A) 108.9(9) 
C(6) - C(7) 1.380(16) C(4) - N(S) - C(8A) 121.1(9) 
C(7) - C(8) 1.407 (18) C) - C(6) - N(S) 107.1 (10) 
C(8A) - C(8) 1.376 (15) C(6) - C(7) - C(8) 108.7 (10) 
C(6) - Br(6) 1.838 (12) C(8) - C(8A) - N(S) 107.7(9) 
-C(8A) -C(l) 135.9(11) 
N(S) - C(8A) - C(l) 116.4(10) 
C(8A) - C(8) - C(7) 107.6(9) 
N(S) - C(6) - Br(6) 125.9(8) 
- C(6) - Br(6) 127.0(9) 
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Comparing the bond lengths and angles of the trifluoromethylated bicycles with their 
respective unsubstituted versions (figures 22 and 23, tables 35 and 36) there is very 
little difference in the unbrominated compounds (243 cf 208). Data for the 
brominated derivative 244 is of poor quality, but the position of reaction has been 
identified unambiguously. Figure 26 confirms that the bromination of the 
trifluoromethyl derivative 243 has occurred on the 6-position as was the case for the 
unsubstituted derivative 208. As mentioned earlier (schemes 102 and 103) there are 
a number of resonance structures for the intermediate of the electrophilic substitution 
reaction, and the effect of the electron withdrawing effect of the trifluoromethyl 
group on the position of this substitution was examined. As can be seen there are no 
resonance structures that have the positive charge on the carbon with the CF3 group 
on, thus the only effect of the electron wihdrawing substituent is a long distance 
inductive effect. 
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3.4 	 Miscellaneous Reactions. 
Following the study of the previous compounds, a number of other heterocyclic 
compounds were investigated to assess their potential as novel colour couplers. 
As mentioned earlier, the requirements of these heterocycles were that they should 
have substituents that include ionisable groups and electron withdrawing substituents 
to reduce the pKa of this ionisable group. 
3.4.1 	3-Hydroxypyrroles and 3-Hydroxythiophenes. 
A group of compounds that were identified as potential colour couplers were the 3-
hydroxypyrroles with electron withdrawing substituents. These substituents are 
necessary to increase the stability of the highly electron rich 3-hydroxypyrroles and 
to decrease the pK a to make the OH group more acidic. 
There are a number of these compounds in the literature 54  however many have 
substituents in the 2-position that are of no use as this position must remain 
unsubstituted as this is the site of reaction with the developer in the dye formation 
process. 
Compounds with groups at the 4 and 5 positions were more rare; two of these were 
synthesised to investigation their activity as colour couplers. 
Initially, ethyl 3-hydroxy-5-methylpyrrole-4-carboxylate248 was made in a two step 
process' 11,121  from ethyl 3-aminocrotonate and I -chioroacetylchloride. Ethyl 3-
amino-2-chloroaeetyl-erotonate 249 was made in 85% yield and cyclised with 
potassium hydroxide to give the hydroxypyrrole in 67% yield (scheme 104). 
Et02C 	Cl 	EtO 2CClEt02 0H
Cl 
	
Me NH2 	 Me NH2 	 Me ZN 
249 	 ii 
Scheme 104. 	 248 
Ethyl 3-hydroxy-5-methylpyrrole-4-carboxylate 248 was recrystallised and slowly 




Bond Lengths (A) pyrrolone 248 Bond Angles (°) 248 
N(1)-C(2) 1.448(3) C(2)-N(1)-C(5) 111.9(2) 
N(1) - C(S) 1.318(3) N(1) - C(2) - C(3) 103.0(2) 
C(2)-C(3) 1.518(4) C(2) - C(3)-C(4) 106.5(2) 
C(3) - C(4) 1.438(4) C(2) - C(3) - 0(3) 122.9(2) 
C(3) - 0(3) 1.233(3) - C(3) - 0(3)  
C(4) - C(S) 1.414(3) C(3) - C(4) - C(S) 107.3(2). 
C(4) - C(41) 1.437(4) C(3) - C(4) - C(41) 123.9(2) 
C(S) - C(5 1) 1.484(4) C(S) - C(4) - C(41) 128.8(2) 
C(41)-0(41) 1.219(3) N(1)-C(S)-C(4) 111.2(2) 
C(41) - 0(42) 1.352(3) N(1) - C(S) - C(51) 120.0(2) 
C(43) - C(44) 1.501(4) C(4) - C(S) - C(5 1) 128.7(2) 
C(43) - 0(42) 1.443(3) C(4) - C(41) - 0(4 1) 125.2(2) 
N(1) - H(I) 0.96(4) C(4) - C(41) - 0(42) 113.4(2) 
C(2) - H(21) 1.07(3) 0(41) - C(41) - 0(42) 121.4(2) 
C(2) - H(22) 0.97(3) C(44) - C(43) - 0(42) 107.2(3) 
C(43) - H(431) 1.02(3) CM 1) - 0(42) - C(43) 116.2(2) 
C(43) - H(432) 1.00(4) C(2) - N(l) - 11(1) 126.2 (19) 
C(44)-H(441) 0.91(4) C(5)-N(1)-H(1) 121.8 (19) 
C(44) - H(442) 1.00(4) N(1) - C(2) - H(21) 111.0(14) 
C(44) - H(443) 1.05(4) - C(2) - H(21) 109.6 (15) 
C(5 1) - H(51 1) 0.95(4) N(l) - C(2) - 11(22) 111.2(16) 
C(51) - 11(522) 0.98(4) C(3) - C(2) - 11(22) 113.4 (16) 
C(51) - 11(523) 1.04(4) 11(21) - C(2) - 11(22) 109 (2) 
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It is clear form the X-ray analysis (figure 27) that 248 existed as the pyrrolone in the 




C d~ H 
	
248a 	 248b 
The second hydroxypyrrole ethyl 3-hydroxy-l-phenylpyrrole-4-carboxylate 250 was 
synthesised 27" 28 from a solution of aniline, triethyl orthoformate and ethyl 4-
chloroacetoacetate. Ethyl 3 -anilino-2-chloroacetylacry late 251 was made in 65% 
yield and reacted with potassium hydroxide to give ethyl 3-hydroxy-1-phenylpyrrole-
4-carboxylate 250 in 67% yield (scheme 105). 
0 
0 	 Et02C 	Cl 	Et02 C 	OH 
PhNH2 	 KOH EtO2CiCl CH(OEt) 
I 	 I 
Ph Ph 
251 	 250 
Scheme 105. 
Attempted dye formation (reaction with oxidised developer). 
These two 3-hydroxypyrroles were tested for their activity as colour couplers by the 
reaction with the standard developer 4, sodium carbonate and potassium persulfate. 
Unfortunately, both these compounds gave dim green / yellow dyes on development, 
thus they were not suitable as new colour couplers. 
As has been shown above the 5-methyl derivative existed as 4-ethoxycarbonyl-5-
methylpyrrol-3-one 248b in the solid-state. Thus it was interesting to examine the 
ratios of pyrrolone to hydroxypyrrole in the above two derivatives. 
The keto and enol forms are readily identifiable from the 1 H NMR spectra. The 
methylene signal due to the two 2-protons of the keto form occurs at approximately 
4.3 ppm and the corresponding resonance for the single proton due to H-2 of the enol 
form occurs at approximately 6.6 ppm. In [ 2H4]methanol deuterium-exchange occurs 
and in 2.5 hours this process is complete for compound 250 whereas compound 248 
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has 80% conversion. The solvent dependence of the tautomerism of the esters 248 
and 250 and the model N-phenyl-3-hydroxypyrrole 252 is given in table 42. 
ROH 	R  
dN 	 N S 
lh 	250R=CO2Et Fh 










2527' 74:26 25:75 5:95 
250 9:91 18:82 2:98 6:94 
248 Insoluble 93:7 70:30 53:47 
It is clear that the 4-ester substituent dramatically stabilises the cool form in the N-
phenyl derivative 250 by comparison with the corresponding 4-unsubstituted 
compound 252. This is presumable due to intramolecular hydrogen bonding which is 
only possible in the enol tautomer. In agreement with this, the OH resonance is 
highly deshielded OH  12.5 ppm in chloroform). 
The absence of the nitrogen substituent has the reverse effect; compound 248 exists 
as only 47% enol even in the highly polar DMSO solution with correspondingly less 
in the other solvents (table 42). Thus, it appears that the unsubstituted NH can meet 
the propensity of solvents such as DMSO for intermolecular hydrogen bonding, 
without the need to tautomerise to the cnol form. On the other hand, the 4-ester 
substituent is still able to provide relative stability to the cool form, since 4,5-
dialkylpyrrolones exist totally as keto tautomers even in DMSO solution. 
Due to the failure of the above two 3-hydroxypyrroles to form good dyes, a further 
derivative with an additional electron withdrawing group on the pyrrole ring (to 
lower the pKa) was attempted to be synthesised. 
A 	method 	for 	the 	synthesis 	of 
	
2-substituted-3-hydroxy-4,5- 
dimethoxycarbonylpyrroles 	was 	found, ' 3° 
	
these 	were 	made 	from 
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acetylenedicarboxylate (DMAD) and the ethyl esters of simple amino acids. The 
reaction from glycine ethyl ester had not been reported; thus, as this would lead to 
the 2-unsubstituted derivative, this was attempted as shown in scheme 106. Glycine 
ethyl ester was reacted with dimethyl acetylenedicarboxylate (DMAD) to give 
dimethyl 2-N-(carbethoxymethylamino)maleate 253 in 73% yield. 
H2Nc02Et 	Me02C 	
CO2Et 	Me02 C 	OH 





Although a number of cyclisation conditions were used, none proved successful and 
the pyrrole was not synthesised. The reason for this failure to cyclise could be 
because of the stereochemistry of the intermediate 253. It was reported' 3° that the 
reactions with substitution at position-2 gave these intermediates as a mixture of (E) 
and (Z) enamines but these were not isolated. In this example, only one isomer of 
dimethyl 2-N-(earbethoxymethylamino)maleate 253 was synthesised as shown by the 
NMR spectrum. The 100% existence of the trans isomer would cause the failure of 
the cyclisation. 
'H and ' 3 C NMR Spectra of Dimethyl Maleate Derivatives. 
The NMR spectrum of dimethyl 2-N-(carbethoxymethylamino)maleate 253 was 
studied and compared to other dimethyl maleate derivatives. The spectra of 254 and 
255 were very similar to that of 253 with the exception of the signal due to the 





Compound R 'H 13 C 
253 H 5.35 90.06 
254' s ' Me 4.69 86.3 
255hj2 CH=CH 2 5.18 95.4 
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The two N-substituted compounds 254 and 255 gave signals for the proton at very 
different frequencies in the 'H NMR spectra (-0.66 ppm) for the change from N-H to 
N-Me. 
As mentioned above, no dyes were produced from the 3-hydroxypyrroles with the 
electron withdrawing groups at the 4-position (compounds 248 and 250), thus the 
reactivity of compounds with electron withdrawing groups at the 5-position were 
tested. There are no good routes available in the literature to these compounds. 
However work had been completed in the group 133  involving the preparation of 5-
substituted-3-hydroxy heterocyles from Meldrum's acid derivatives using flash 
vacuum pyrolysis technology. 
The following hydroxypyrrole and thiophenes were synthesised' 33,134  from 
Meldrum's acid derivatives. 1,3-Bisthiomethylmethylene Meidrum's acid 256 was 
made from Meidrum's acid itself from a method by Huang and Chen 135  as shown in 
scheme 107. 
ox0 
Y-" o0 	CS2 
Et3N 	o 'yLo Mel 
DMSO DM50 oo 
MeSASMe 
+ 
Et3NH I-INEt3 	 256 
Scheme 107. 
5-Methylthio-3-hydroxythiophene 257 	was synthesised from the direct 





















(i)KCN 	 OH 
(h)Mg, 1-brorm-4- t-butylbenzene 
(iii)Mg, 2-brormthiophene 
NC "'(N (iv)NH(Me) 2 	 I 
Me 
Scheme 106. 	 261 
Reactions of 256 with various reagents displace the thiomethyl groups one at a time, 
thus a number of heterocycles can be made via this route. Initially, 256 was reacted 
with potassium cyanide to give 1-thiomethyl-3-cyanomethylene Meldrum's acid 258 
that under flash vacuum pyrolysis conditions gave 5-cyano-3-hydroxythiophene 259. 
If the pyrolysis precursor 258 was reacted with dimethylamine then the second 
thiomethyl group is substituted to give 1-dimethylamino-3-cyanomethylene 
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Meidrum's acid 260 that gives 5-cyano-1-methyl-3-hydroxypyrrole 261 on 
pyrolysis  133  (scheme 108). 
Further substitution reactions were performed on the bismethylthio derivative 256; 
Grignard reaction with I -bromo-4-t-butylbenzene and 2-bromothiophene gave I-p-i-
butylphenyl-3-thiomethylmethylene Meidrum's acid 262 and 1(2-thienyl)-3-
thiomethylmethylene Meldrum's acid 263 respectively. These two compounds were 
also pyrolysed to give 5-p-t-butylphenylthiophen-3-one 264 and 5-thienylthiophen-3-
one 265 (scheme 1 34  
The mechanism of flash vacuum pyrolysis of the Meldrum's acid derivatives to give 
hydroxy thiophenes and the hydroxy pyrrole 261 is given in scheme 109. The first 
step is the loss of acetone and carbon dioxide to give the ketene intermediate 266, 
this then undergoes a 1 4H shift to the more stable dipolar 267 which subsequently 
cyclises to the keto form of the product. 











R = SMe, CN, 2-Thienyl, 2-t-Butphenyl 
Scheme 109. 
Dye formation. 
A number of the above thiophenes and pyrrole gave dyes on development, however 
the quality of the dyes was not good. Compounds 257 and 259 gave pale red dyes 
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that showed multiple bands in the visible spectra. Compounds 264 and 265 showed 
much more promising magenta colours that gave single bands in the visible spectra 
with X at 524 nm and 520 nm respectively (see figures 28 and 29). The proposed 
structure of the dyes is also given. 
RNS./ N.JNEt2 
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Figure 28. 







wavelength I nm 
Figure 29. 
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Although the dye hues were in the correct region of the visible spectrum for magenta 
couplers, unfortunately the extinction coefficients (cm) were very low 2450 and 
2800 and thus they were not practically useful. 
The dye produced from 5-cyano-l-methytpyrrole 261 showed a visible spectrum 







wavelength / nm 
Figure 30. 
Unfortunately, the extinction coefficient (Em)  was 5400 which is too low for a cyan 
colour coupler and as can be seen there is an unwanted absorbance in the red region 
of the visible spectrum at 464 nm. 
As the thiophenones 264 and 265 gave coloured products on reaction with oxidised 
developer, an alternative hydroxythiophene 3-hydroxy-4,5-bismethoxycarbonyl 
thiophene 268 was synthesised as a step towards a ballasted version of these magenta 
colour couplers; the methyl esters could be exchanged with long chain esters to give 
the required ballasts. Also, the effects of the two electron withdrawing ester groups 
on the reactivity of the coupler compound and the change in the hue of the potential 
dye formed were assessed. 
The above pyrolytic route was not available for the 4,5-disubstituted thiophene thus a 
alternative literature synthesis 136,137  was followed. 
Initially, methyl thioglycolate and dimethyl fumarate were reacted in sodium 
methoxide solution to give 4,5-bismethoxycarbonyltetrahydrothiophen-3-one 269 
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(scheme 110) which was oxidised with hydrogen peroxide to give 3-hydroxy-4,5-
bismethoxycarbonylthiophene 268. 
Me02C 	CO2Me 	






 e02C 	 MeO2CXS 
	
269 	 268 
Scheme 110. 
The reaction of 3-hydroxy-4,5-bismethoxycarbonylthiophene 268 with oxidised 
developer failed to give a dye. In comparison to the thiophenones 264 and 265 that 
gave magenta dyes this hydroxythiophene had the two electron withdrawing groups 
on the thiophene ring. This lack of activity as a coupler is attributed to the low 
reactivity of the anion and not the high pKa as was the case in the other compounds. 
The keto-enol tautomerism of 269 had not been examined in the literature. 137  It was 
found that in 2[H]chloroform the enol tautomer A predominates over B in the ratio 
-shown. 	-- 	 -- 	 - 	 -- - 	 -- 	 - 
Me02CX— 	 Me02 1C] 5— -  
A83% 	 B17% 
As the 3-hydroxythiophenes, 3-hydroxypyrroles and 2-aminopyrroles had been 
investigated the 3-amino version of these 3-hydroxythiophenes were studied. Two 
new compounds (3-amino-4-methoxycarbonylthiophene and 3-amino-4,5-
bismethoxycarbonylthiophene) became available commercially that were novel 
precursors of potential colour couplers. The sulfonyl chloride was reacted with the 
amino group to create an acidic proton on the subsequent sulfonamido NH to act as a 








These were reacted with p-toluenesulfonyl chloride (scheme ill) to form 4-
methoxycarbonyl-3-p-toluenesulfonamidothiophene 270 in 67% yield and 4,5-
bismethoxycarbonyl-3-p-toluenesulfonamidothiophene 271 in 75% yield. It was 
hoped that the sulfonamido proton was as acidic as the hydroxy proton on the 
previous hydroxythiophenes. Unfortunately, there was no dye produced from the 
reaction of these two compounds with oxidised developer. 
3.4.2 	 7-Membered Heterocycles. 
3.4.2.1 	 Benzodiazepines. 
A number of different heterocyclic systems have been investigated as potential 
colour couplers, but all of the coupler compounds studied have been based on a 5-
membered ring. Thus 7-membered rings were investigated, as these are 
electronically similar to 5-membered rings. 
The chemistry of diazepines and benzodiazepines has been fully investigated t38 but 









The only active position for potential coupling was the 3-position and, as can be seen 
above, the diazepine ring can exist as one of two tautomers; most derivatives adopt 
the 3-Htautomer. 
The introduction of two strong electron withdrawing groups in the positions 2 and 4 
would increase the acidity of the benzodiazepine thus create an active coupler. 
A method was followed  139  that synthesised the salt of 2,4-bis(trifluoromethyl)-1,5-
benzodiazepine from the reaction of 1,1,1 ,5,5,5-hexafluoropentane-2,4-dione 272 
with 1,2-phenylenediamine and hydrochloric acid (scheme 112). The procedure was 













2,4-Bis(trifluoromethyl)-1,5-benzodiazepine 273 was reacted with oxidised 
developer and the dye 274 (scheme 113) that was produced was very intense and 















The visible spectrum is given below in figure 31; it shows the 2cmax at 492 nm and a 






X-ray analysis of 2,4-bis(trifluoromethyl)-1 ,5-benzodiazepine 273 was carried out 
and it revealed that the compound exists as the di-imine tautomer with the free 
methylene group at the 6-position of the crystal structure (figure 32). Also it can be 
seen that this CH2 group is not planar with the rest of the ring. 
*The two CF3 groups are disordered and exist as two conformers. The bond lengths 
and angles for the trifluoromethyl groups given in table 44 are for the rotamer that 
constitutes over 94% of the crystal structure. The other 6% of the structure is made 
up of the conformer with the trifluoromethyl groups rotated and the bond lengths and 
angles have much larger errors these CF bonds and angles. 
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N 4 CF 
Table 44. 
Bond Lengths (A) CF3Bzdiaz 273 Bond Angles (°) 273 
N(1) - C(7) 1.263(3) C(7) - N(l) - C(2) 120.6(2) 
N(1) - C(2) 1.415(3) C(8) - C(2) - C(3) 119.2(2) 
C(2) - C(8) 1.397(3) C(8) - C(2) - N(1) 115.5(2) 
- C(3) 1.404(3) C(3) - C(2) - N(1) 125.1(2) 
- C(l 1) 1.402 (3) C(1 1)- C(3) - C(2) 118.2(2) 
C(3) - N(4) 1.409(3) C(1 1)- C(3) - N(4) 115.8(2) 
N(4) - C(S) 1.268(3) C(2) - C(3) - N(4) 125.9(2) 
C(S) - C(6) 1.498(3) C(S) - N(4) - C(3) 121.0(2) 
C(S) - C(5 1) 1.504(3) N(4) - C(S) - C(6) 125.6(2) 
- C(7) 1.500(3) N(4) - C(S) - C(5 1) 117.4(2) 
- C(71) 1.512(3) C(6) - C(S) - C(51) 117.1(2) 
- C(9) 1.373(3) C(S) - C(6) - C(7) 106.4(2) 
- C(10) 1.378(4) N(l) - C(7) - C(6) 125.8(2) 
C(10) - C(11) 1.364(3) N(l) - C(7) - C(71) 116.9(2) 
C(5 1) - F(53) 1.315(3) C(6) - C(7) - C(71) 117.2(2) 
C(51) - F(52) 1.320(3) C(9) - C(8) - C(2) 121.1(2) 
C(5 1) - F(51) 1.328(3) C(8) - C(9) - C(10) 119.5(2) 
C(71) - F(73) 1.306(3) C(1 1)- C(1O) - C(9) 120.6(2) 
C(71)-F(72) 1.312(3) C(10)-C(11)-C(3) 121.2(2) 
C(71) - F(71) 1.303(3) F(53) - C(S 1)- F(52) 106.8(2) 
F(53) - C(51) - F(51) 106.3(2) 
- C(5 1) - F(51) 106.0(2) 
- C(51) - C(S) 114.7(2) 
F(52)-C(51)-C(5) 111.0(2) 
F(51)-C(51)-C(5) 111.4(2) 
F(71) - C(71) - F(72) 107.0(3) 
F(73) - C(71) - F(72) 106.2(2) 
F(71)- C(71) - C(7) 110.2(2) 
F(73)- C(71) - C(7) 114.3(2) 
F(72)-C(71)-C(7) 111.2(2) 
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The dye produced from the oxidised development of 2,4-bis(trifluoromethyl)- 1,5-
benzodiazepine 273 was red in colour and not magenta. If a magenta coupler were to 
be synthesised then an electron withdrawing group would have to be introduced in 
the benzene ring. 
A simple method for accomplishing this was to start from the two substituted 
phenylenediamines 4-nitro- 1 ,2-phenylenediamine and 4-methoxycarbonyl- 1,2-
phenylenediamine. These two were reacted with 1,1,1 ,5,5,5-hexafluoropentane-2,4-
dione 272 in a number of different methods but unfortunately no substituted 
benzodiazepines were synthesised in more than a trace amount. 
The main products from the above reactions were the benzoimidazoles 1-H-2-
trifluoromethyl-6-nitrobenzoimidazole 275 in 91% yield and I -H-2-trifluoromethy] - 
6-methoxycarbonylbenzoimidazole 276 in 44% yield (scheme 114). Benzimidazoles 









CF3 	 H 
275 R=NO2 
276 R = CO2Me 
Scheme 114. 
This formation of substituted bistrifluoromethylbenzodiazepines from 4-substituted-
I ,2-phenylenediamine and 1,1,1 ,5,5,5-hexafluoropentane-2,4-dione 272 was 
attempted using microwaves as an alternative to the standard heating methods, 
however no desired products were made. 
3.4.2.2 	7-Pheny1-2,3,4,5-tetrahydro- 1 ,4-diazepine-5-one. 
This known compound was synthesised following a method by Chammache et a1 141  
as the diazepinone has the same internal structure as the standard acetanilide yellow 
colour couplers such as compound 30. 
7-Phenyl-2,3,4,5-tetrahydro-1,4-diazepine-5-one 277 was synthesised in 17% yield 
from ethylenediamine and ethyl benzoylacetate in xylene (scheme 115). 
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Ph 	 I 	Ph 
NH2 o 	 N/ 
C' 
N H2N 	 OEt 	 I 	0 
H 
Scheme 115. 	 277 
On reaction with oxidised developer the diazepinone 277 failed to give a coloured 
dye of any intensity. However, a crystal was grown that was suitable for X-ray 
studies (slowly evaporated from ethanol) and the resultant structure (figure 33) 
showed that compound 277 exists exclusively in the solid-state in the dia.zepinone 
form rather than the tautomeric diazepinol and that H-bonding interactions link the 
molecules into corrugated sheets. This is the first structure of a diazepinone, 
however the structures of three related 2,3-dihydrodiazepines have been 
reported. 141,142  Two of these are disordered thus the relationship between the 





277 	 278 
With the obvious exception of the carbonyl region of 277 the bond lengths are very 
similar thus indicating the electron withdrawing effect of the carbonyl in 277 is very 
similar to the imine function in 278. The C=O bond is unusually long at 1.2614 A by 








Bond Lengths (A) Diazapinone 276 Bond Angles (°) 276 
N(1) - C(2) 1.4403 (18) C(7) - N(l) - C(2) 124.86 (12) 
N(1) - C(7) 1.3460 (17) N(1) - C(2) - C(3) 113.18 (11) 
C(2)-C(3) 1.5116(19) N(4)-C(3)-C(2) 112.16(12) 
C(3) - N(4) 1.4465 (17) C(S) - N(4) - C(3) 124.75 (12) 
N(4) - C(S) 1.3408 (17) 0(5 1)- C(S) - N(4) 118.24(12) 
C(S) - 0(5 1) 1.2614 (15) 0(5 1) - C(S) - C(6) 119.50(11) 
C(S) - C(6) 1.4471 (19) N(4) - C(S) - C(6) 122.23 (12) 
C(6) - C(7) 1.3670 (18) C(7) - C(6) - C(S) 133.18 (12) 
C(7)-C(71) 1.4916(18) N(1)-C(7)-C(6) 127.15(12) 
C(7!) - C(76) 1.390(2) N(1) - C(7) - C(7!) 113.73 (11) 
C(7!) - C(72) 1.395(2) C(6) - C(7) - C(71) 119.10(12) 
C(72) - C(73) 1.382(2) - C(7!) - C(72) 118.27 (13) 
C(73) - C(74) 1.379(3) C(76) - C(71) - C(7) 120.81 (13) 
C(74) - C(7S) 1.377(3) C(72) - C(71) - C(7) 120.90 (13) 
C(75) - C(76) 1.382(2) - C(72) - C(71) 120.63 (15) 
- C(73) - C(72) 120.33 (16) 
C(7S) - C(74) - C(73) 119.67 (15) 
C(74) - C(7S) - C(76) 120.32 (16) 





NMR nuclear magnetic resonance 
8H, 8c chemical shift 
ppm parts per million 
S singlet 
d doublet 
dd double of doublets 
t triplet 
q quartet ('H and 19F NMR spectra) / quarternary (' 3 C NMR spectra) 
M multiplet 
br broad 
J coupling constant 
IR inra-red 
UV ultra-violet 
EMX extinction coefficient 




t.Lc thin layer chromatography 
mp melting point 
bp boiling point 
m/z mass to charge ratio 
M+ mass of molecular ion 








4.1 	 Instrumentation and General Techniques. 
4.1 .1 	Nuclear Magnetic Resonance Spectroscopy. 
'H NMR spectra were recorded on Bruker AC250 (250MHz), Bruker AC200 (200MHz) 
and Varian Gemini 200 (200MHz) spectrometers. ' 3C NMR spectra were recorded on 
Bruker AC250 (63MHz) and AC200 (50MHz) instruments. Further 'H NMR spectra 
and ' 3C NMR spectra were run by the Kodak analytical service on the Joel 400MHz and 
the JoellOOMHz instruments. 
The Bruker AC250 was operated by Mr. J.R.A. Miller, the AC200 by Mr W. G. Kerr and 
the Varian Gemini 200 by Mr M. C. Evans. 
Spectra were recorded in [2H] chloroform unless otherwise stated; chemical shifts 
(SH,Sc) are quoted in parts per million, relative to trimethylsilane, and coupling constants 
(J) are quoted in Hz. Standard 200 MHz spectra have an accuracy of 0.3Hz per point are 
quoted as recorded. 
4.1.2 	 Mass Spectroscopy. 
Low resolution electron impact mass spectra were recorded by Miss E. Stevenson on a 
Finnegan 4500 instrument and Mr H. G. McKenzie on a Finnegan 4600 instrument; 
F.A.B. mass spectra and all high resolution mass spectra were recorded by Mr. A. Taylor 
on a Kratos MS50TC instrument. Spectra quoted were obtained by electron impact mass 
spectrometry unless otherwise stated. 
Positive and negative electrospray mass spectra were recorded by Mr M. C. Evans on a 
Platform H mass spectrometer operating in open access mode. 
4.1.3 	 Elemental Analysis. 
Microanalyses were obtained by Mrs. L. Eades, Mr. S. Franklin and Mr D. Glass on a 
Perkin Elmer 240 CHIN Elemental Analyser. 
KI 
4.1.4 	 Structure Determination. 
X-ray crystallographic data were obtained and refined by Dr. S. Parsons and Dr. R.O. 
Gould on a Stoe STADI-4 four circle diffractometer with graphite monochromator. 
	
4.1.5 	 Chromatography. 
Thin-layer chromatography was carried out on pre-coated aluminium sheets (0.2mm 
silica gel, Merck, grade 60) impregnated with an UV fluorescent indicator, or on pre-
coated aluminium sheets (0.2mm aluminium oxide, neutral (Type E), Merck, grade 60) 
impregnated with an UV fluorescent indicator. 
Dry-flash chromatography was carried out on silica gel (Merck, grade 60, 230-400 mesh, 
60 A). The crude materials were generally preabsorbed onto silica gel and then loaded 
onto the column. Ethyl acetate and n-hexane were frequently used as the solvent system 
with 10% increments in the polar component every two or three fractions 
4.1.6 	 Infra-Red Spectroscopy. 
JR spectra were obtained as liquid films or nujol mulls on a Bio-Rad SPC 3200 ETIR 
instrument and are quoted in wavenumbers (cm'). 
4.1.7 	 Ultra-Violet and Visible Spectroscopy. 
UV and visible spectra were recorded on a Unicam UV4 UV-Vis spectrometer. The 
solvent used is indicated. Wavelengths of maxima (?,) are recorded in nm. 
Solvents. 
Commercially available solvents were used without further purification except for n-
hexane and.ethyl acetate which were distilled for chromotographic purposes. Ether was 
generally dried by storage over sodium wire; where necessary it was dried further by 
distillation from sodium benzophenone ketyl. All other dry solvents were obtained by 





H2N N Br 
H 
A solution of tetracyanoethylene (35.6 g, 0.28 mol) in acetone (200 cn) and ethyl 
acetate (450 cm) was cooled to 0 °C. Then a solution of hydrogen bromide in acetic 
acid (33%, 200 cm 3)  was added over 2 h with stirring. A yellow precipitate wasformed 
and the suspension was maintained at between 0 °C and 5 °C, and stirred for another 
hour until the precipitation had ceased. 
The yellow precipitate was collected and washed with ethyl acetate (200 cn?) and air-
dried. This was then suspended in ice water (500 cm 3) and aqueous sodium hydroxide 
solution (2M) was added until the pH had reached 11 (which dissolved the entire solid). 
Glacial acetic acid was added carefully to the cooled solution, until pH 5 was reached. 
This addition produced a precipitate that was collected and dried in vacuo to give 2-
amino-5-bromo-3,4-dicyanopyrrole (16 g, 69%) as a grey powder mp 250 °C (from 
ethanol, decomp.) (lit., 80 250 °C); ö- ([ 2H6]DMSO) 11.67 (IH, br s) and 4.52 (2H, br s); 
8c ([2H6]DMSO) 149.77 (q), 115.03 (q), 114.30(q), 103.37 (q), 92.71 (q) and 70.86 (q); 
m/z 212 (Mtl00%),  210 (M,98), 131 (76), 104 (45), 77 (52) and 44(11). 
4.2.1 	 Alkylation Reactions. 
NC CN 
H2N N 	Br 2-Amino-5-bromo-3,4-dicyano-1-methylpyrrole 133 
Me 
2-Amino-5-bromo-3,4-dicyanopyrrole (1.884 g, 8.9 mmol) was dissolved in a solution of 
sodium ethoxide [(from sodium (0.216 g) and ethanol (9 cn)j. Methyl iodide (0.128 g, 
9.0 mmol) was added carefully and the mixture was left to stand for 3 h at room 
temperature, at which time water (30 ciT?) was added and the product that precipitated 
was collected and washed with dilute aqueous sodium hydroxide solution (1%) and dried 
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in vacuo to yield 2-amino-5-bromo-3,4-dicyano-1-methylpyrrole (0.95 g, 47%) as a 
brown solid mp 214-216 °C (from ethanol, decomp.) (lit., 80 212-214 °C, decomp.); 5i, 
([2 HdDMSO) 6.83 (2H, br s) and 3.36 (3H, s);öc  ([2H6]DMSO) 149.09 (q), 114.76 (q), 
114.07 (q), 106.98 (q), 92.47 (q), 70.34 (q) and 32.28; m/z 226 (Mt95%), 224 
(M+, 100), 211(30), 209 (31), 145 (53), 104 (41), 77 (49) and 53(l0). 
NC CN 
MeNBr 5-Bromo-3,4dicyano-2-dimethylamin1-methyIpyrroIc 135 
Me Me 
Dry dimethylsulphoxide (2 cm) was added to crushed potassium hydroxide (0.224 g, 4 
mmol) and the suspension was stirred for 5 min at room temperature. 2Amino-5-bromo-
3,4-dicyanopyrrole (0.212 g, I mmol) was dissolved in dry dimethylsulphoxide (9 cn) 
and added to the potassium hydroxide and the mixture was stirred for a further 45 mm. 
The suspension was cooled briefly, methyl iodide (0.426 g, 3 mmol) was added and after 
a further 45 min of stirring, water (10 cn?) was added and the precipitate was collected. 
The remaining solution was extracted with ether (3 x 3 cn?) and the extracts were 
washed with water (3 x 3cm 3 ), dried with MgSO 4 and concentrated in vacuc. The solids 
were combined to give 5-bromo-3,4-dicyano-2-dimethylamino-I-tnet/iylpyrrole (99 mg, 
39%) as a white solid mp 152-154 °C (from ethanol) (Found: C, 45.9; H, 3.8; N, 22.1. 
C9H9BrN4 requires C, 46.0; H, 3.6 and N, 22.1%);6H ([ 2 H6]DMSO) 3.47 (31-I, s) and 
2.84 (61-1, s); 3 ([2H6]DMSO) 151.33 (q), 113.82(q), 113.31(q), 111.12 (q), 94.18 (q), 
82.42 (q), 42.81 and 33.52;m/z 254 (Mt 100%), 252 (M, 89), 239 (57), 237 (57), 198 





R2N 	N 	Br 
5.Bromo.3,4-dicyano-2..dodecylamino-1-dodecylpyrrole 137 
2H 5.Bromo.3,4-dicyano-2,2-didodecylamino-1-dodecylpyrrole 138 
Dry dimethylsulphoxide (6 cm 3 ) was added to crushed potassium hydroxide (0.672 g, 4 
mmol) and the suspension was stirred for 5 min at room temperature. 2-Amino-5-bromo-
3,4-dicyanopyrrole (0.636 g, 3 mmol) was dissolved in dry dimethylsulphoxide (25 cm 3 ) 
and added to the potassium hydroxide and the mixture was stirred for a further 45 mm. 
The suspension was cooled briefly, dodecyl iodide (1.776 g, 6 mmol) was added and 
after a further 45 min of stirring, water (30 cm 3) was added and the solution was 
extracted with ether (3 x 10 cm 3) and the extracts were washed with water (3 x 10cm 3 ), 
dried with MgSO4 and concentrated in vacua. The three products were separated by dry 
flash chromatography (ethyl acetate / hexane) to give very small quantities of 2-amino-5-
bromo-3,4-dicyano-1 -dodecylpyrrole, 5-bromo-3,4-dicyano-2-dodecylamino-I-
dodecylpyrrole and 5-bromo-3,4-dicyano-2,2-didodecylamino-1-dodecylpyrrole in 8, 5 
and 6% yields respectively. The NMR samples were very weak due to the small 
quantities and the 'H NMR spectra only showed complex peaks from the many alkyl 
groups, no 3C NMR spectra were obtained; mlz (mixture) 715, 713, 547, 545, 379 and 
377 (M- 1 )(electrospray). 
4.2.2 	 Acylation Reactions. 
NC CN 
Me N'"N'Br 2-Acetylamino-5-bromo -3,4-dicyanopyrrole 139 
H H 
2-Amino-5-bromo-3,4-dicyanopyrrole (0.212 g, 1 mmol) was dissolved in acetic 
anhydride (5 cm3) and the solution was stirred at reflux for 10 mm. The acetic anhydride 
was removed in vacua to give a dark blue powder, which was shown to be a mixture of 
starting material and a single acylated product. Purification by dry flash chromatography 
10 
(ethyl acetate / hexane) gave 2-acetylamino-5-bromo-3,4-dicyanopyrrole (0.12 g, 47%) 
as a grey solid mp 175 °C (decomp.) (from ethanol) (lit., 80 170 °C, decomp.); 8u 
([2H6]DMSO) 10.88 (1H, br s) and 2.07 (3H, s); 6c  ([2H6]DMSO) 169.24 (q), 136.36 (q), 
113.16 (q), 112.55 (q), 107.91 (q), 94.91 (q), 85.67 (q) and 22.74; m/z 254 (Mt, 7%) 
252 (Mt, 7), 211(4), 209 (3) and 43 (100). 
There was no evidence for any diacylated product, but an alternative acylation method 
using acid chlorides was subsequently employed as this gave scope for longer chain 
acylations. 
General procedure for N-acylation of 2-amino-5-bromo-3.4-dicyanopyrrole 130. 
2-Amino-5-bromo-3,4-dicyanopyrrole (0.212 g, 1 mmol) was dissolved in warm, 
degassed acetonitrile (40 cm 3) with triethylamine (0.1 g, I mmol). A solution of the acid 
chloride (immol) in acetonitrile (10 cm 3)  was added dropwise and the mixture was 
heated under reflux for 2 h under nitrogen. 
The solution was concentrated in vacuo, the residue was dissolved in dichioromethane 
and washed with water (2 x 25 cm 3 ) and aqueous hydrochloric acid (2M, 1 x 25 CM). 
The combined aqueous layers were extracted with dichloromethane (2 x 30 cm 3), and the 
combined organic layers were dried over MgSO4 and concentrated in vacuo to give the 
acylated products. 
The following products were obtained by this method: 
NC 	CN 
Me)(JLN 	N 	Br 5-Bromo-3,4-dicyano-2-isobutyrylaminopyrrole 140 
Me ->r I 
H H 
5-Bro,no-3,4-dicyano-2-isobutyrylaminopyrrole (0.214 g, 76%) was isolated as a grey 
solid mp 204-205 °C (from toluene) (Found: C, 41.3; H, 3.6; N, 19.0. 
C 10H9BrN40.0.5H20 requires C, 41.4; H, 3.5; N, 19.3%); 6u ([ 2H5]DMSO) 10.76 (1 H, br 
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s), 2.63 (II-!, septet, 16.8) and 1.10 (6H, d,16.8); 6c  ([2 H6}DMSO) 176.19 (q), 136.39 
(q), 113.14 (q), 112.48 (q), 107.84 (q), 94.99 (q), 86.15 (q), 34.04 and 19.24m/z 282 





H 	El 	Me 
5-Bromo-3,4-dicyano-2-isobueyry/amino-J-methy/pyrro/e ( 0.11 g, 38%) was synthesised 
from 2-amino-5-bromo-3,4-dicyano.I-methylpyrrole (0.225 g, I mmol) and isolated as a 
dark brown solid mp 220-221 °C (from chlorobenzene) (Found: C, 44.4; H, 3.5N, 19.2. 
C11H11BrN40 requires C, 44.7; I-I, 3.4; N, I9.0%);6  10.46 (1H, br s), 3.36 (3H, s), 2.67 
(1 H, septet, J 6.8) and 1.08 (6H, d,.J 6.8); 6c  176.82 (q), 136.21(q), 113.22 (q), 112.88 
(q), 112.11(q), 94.90 (q), 88.93 (q), 33.81, 30.73 and 19.24; m/z 296 (M, 8%), 294 (Mt , 
7), 225 (2), 223 (2) and 71 (100);u/cm' 3240, 2230 and 1690. 
NC 	CN 
Ph 	N N'Br 2-Benzoylamino-5-bromo-3,4-dicyanopyrrole 142 
H 4 
2-Benzoylwnino-5-bromo-3, 4-dicyanopyrrole (0.16 g, 51%) was isolated as a brown 
solid (from acylation with benzoyl chloride) rnp 187189 °C (from toluene) (Found: C, 
49.7; H, 2.2; N, 18.0. Q3H7BrN40 requires C, 49.5; H, 2.2; N, 17.8%); 8n 
([2H6]DMSO) 11.17 (II-!, br s), 7.97-8.00 (21-1, m) and 7.54-7.70 (3H iii); 6 
([2H6]DMSO) 166.02 (q), 136.08 (q), 132.95, 132.26 (q), 128.91, 128.08, 113.15 (q), 
112.57 (q), 108.57 (q), 95.28 (q) and 88.62 (q);m/z 316 (Mt 12%), 314 (Mt 12), 211 




2(2-(2,4-di-t-pentylphenyloxy)bu!yrylamino-5-bromo-3,4-dicyanopyrrole (0.11 g, 22%) 
was isolated as a pale yellow solid (from acylation with ballast I chloride) top 110-111 
°C (from hexane) (Found: C, 61.0; H, 6.4; N, 10.8. C26H33BrN40 2 requires C, 60.8; H, 
6.5; N, 10.9%); 6H  11.23 (1H, br s), 8.80 (IH, br s), 7.26 (IH, d 4J, 2.4), 7.06 (1H, dd 3J, 
8.5, 4J, 2.4), 6.56 (1 H, d 3J, 8.5), 4.77 (1H, t 3J, 5.7) and 0.62-2.16 (27H m), 8c 172.28 
(q), 152.18 (q), 142.88 (q), 136.44 (q), 135.35 (q), 127.04, 124.31, 111.96 (q), 111.51 
(q), 110.38, 104.42 (q), 96.47 (q), 80.96 (q), 78.16, 38.63 (q), 37.38, 36.83 (q), 33.84, 
28.56, 28.33, 27.95, 27.91, 26.27, 9.59, 9.48 and 9.00; m/z 514 (M t , ' 39), 512 (Mt , 50), 
485 (86), 483 (93), 405 (35), 245 (19), 205 (96), 175 (35), 71(78), 55 (37), 43 (100), 41 
(46), 29 (29) and 28 (29); ticm' 3240, 2233, 2223, 1690 and1460. 
NC CN 
PhA 	
N-Phenyl-N 1 (5-bromo-3,4-dicyanopyrrol-2-yl) urea 148
N 	Br 
2-Amino-5-bromo-3,4-dicyanopyrrole (0.212 g, I mmol) was dissolved in warm 
acetonitrile (40 cm 3). Phenylisocyanate (0.12 g, 1 mmol) was added and the solution 
was heated at reflux for 3 h under nitrogen. The acetonitrile was removed under vacuum 
and the solid residue was triturated with hexane to give a dark solid (0.25 g) which was 
purified by dry flash chromatography to give N-phenyl-N'(5-brorno-3,4-dicyanopyrrol-.2-
yl) urea (0.15 g, 45%) mp 216-218 °C (from methanol) (Found: M, 331.9978 
C13H8BrN50 requires M, 331.9971); 5H  ([2H6]DMSO) 9.42 (1H, hr s), 9.15 (IH, br s) 
and 6.91-7.53 (5F1, m); 8c  ([2H6]DMSO) 151.63 (q), 139.91 (q), 137.92 (q), 129.14, 
187 
123.00, 118.78, 113.41 (q), 113.04 (q), 107.17 (q), 94.64 (q) and 83.91 (q); rn/z 331 




Benzaldehyde (0.106 g, I mmol) and acetic acid (1 cm) were added to a warm solution 
of 2-amino-5-bromo-3,4-dicyanopyrrole (0.2 .12 g, 1 mmol) in acetonitrile (30 cm) under 
nitrogen and the solution was heated at reflux for 2.5 h. The acetonitrile was removed 
under vacuum and the residue was triturated with hexane to give a brown solid (0.26 g), 
that was purified by dry flash chromatography to give 2-(2-phenyl-1-azaethylidine)-5-
bromo-3,4-dicyanopyrrole (0.12 g, 42%) mp 198-201 °C (from toluene) (Found: C, 
52.4; H, 2.5; N, 18.8. C 13H7BrN4 requires C, 52.2; H, 2.3; N, 18.7%); 6 ([2F6]DMSO) 
12.32 (1H, br s), 8.91 (1H, s) and 7.51-7.93 (5H, rn); 8c ([2FL]DMSO) 163.7 (q), 147.7, 
133.3 (q), 129.4, 129.4, 129.0, 113.2 (q), 113.1 (q), 111.2 (q), 96.2 (q) and 88.3 
(4); 
m/z 
329 (Mt, 100%), 327 (M, 98), 217 (44), 191 (51), 102 (39) and 75 (48). 
4.2.3 	 in situ reductive amination of aldehydes. 
NC 	CN 
Ph 	N 	N 	Br 
2-Benzylamino-5-bromo-3,4-dicyanopyrrole 
2-Amino-5-bromo-3,4-dicyanopyrro!e (0.212 g, I mmol) was dissolved in methanolic 
hydrogen chloride solution (40 cm). Benza!dehyde (0.106 g, 1 mmol) was added 
followed by sodium cyanoborohydride (0.21 g, 0.33 mmol) and the solution was stirred 
at room temperature for 5 h. The solution was poured into water (50 cm 3), and extracted 
with methylene chloride (3 x 30 cm 3), dried over MgSO4 and concentrated under 
vacuum. The residue was triturated with hexane to give the crude product as a brown 
solid (0.26 g). Howçver, the product decomposed on purification by dry flash 
chromatography. 
This reductive amination sequence was attempted with a number of aldehydes (table 46) 
and also with sodium acetoxyborohydride in place of the cyanoborohydride using the 
following conditions: 
Table 46. 






Unfortunately all the products decomposed during attempted purification by column 
chromatography (both silica and alumina were used). 
However the product was stable whilst it was still in the reductive environment of the 
reaction media. Thus by further reaction of the crude mixture it was possible to 
synthesise new compounds that were stable enough to be purified. 
An example of this is the dye formation reaction (see section 4.10) where the above 







Bromine (8 g, 50 mmol) in dichloromethane (20 cm) was added to a stirred solution of 
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triphenylphosphine (13.1 g, 50 mmol) in dichloromethane (30 cm') under nitrogen at 
below 10 C C. After 30 mm, a white precipitate was formed and 2-amino-5-bromo-3,4-
dicyanopyrrole (7.09 g, 33.4 mmot) and triethylamine (10 g, 99.5 mmol) in warm 
dichloromethane (200 cm') were added and the solution was heated at reflux for 1.5 h. 
The dichloromethane was removed in vacuo to give a dark residue (39.44 g), this was 
washed with ethyl acetate and the triethylammonium bromide solid was removed by 
filtration. The filtrate was dried over MgSO4 and concentrated in vacuo to give 5-brorno-
3,4-dicyano-2-triphenylphosphimiflOpyrrOle (7.64 g, 16.2 mmol) as a bright yellow solid 
mp 154-156 °C (from toluene); (Found: C, 61.1; H, 3.5; N, 12.1. C 24H16BrN4P requires 
C, 61.2; H, 3.4; N, 11.9%); 3H  12.31 (1H br s) and 7.65-7.32 (15H, m); 5c 173.21 (q), 
134.13 (q), 134.04 (q), 133.96 (q), 131.11, 130.89, 130.61, 129.27, 129.26, 129.24, 
129.21, 129.10, 129.06, 114.12 (q), 114.06 (q), 110.21 (q), 95.72 (q) and 89.13 (q); m/z 
472 (Mt, 88%), 470 (Mt, 86), 262 (34), 209 (54), 207 (51), 128, (26), 126 (25), 102 
(23) and 75(51). 
4.2.4 	 Debromination Reactions. 
NC 	CN 
H2N 	N 	2-Amino-3,4-dicyanopyrrole 154 
H 
2-Amino-5-bromo-3,4-dicyanopyrrole (0.38 g, 1.78 mmol) was dissolved in warm 
chlorobenzene (20 cm) and warm acetonitrile (20 cm 3), AIBN 
(ct,ct' azobisisobutyronitrile) (30.3 mg, 0.185 mmol) was added followed by tributyltin 
hydride (0.65 cm 3 , 2.42 mmol) and the solution was heated at reflux for 1 h under 
nitrogen. 
The solvents were removed in vacuo to yield a dark residue (0.22 g). Purification by dry 
flash chromatography (ethyl acetate I hexane) gave the above product (0.16 g, 66% 
yield), however this was contaminated with trace tin residues. 
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A more desirable method of dehalogenation was required and a hydrogenolysis technique 
was investigated. 
A solution of 2-amino-5-bromo-3,4-dicyanopyrrole (2.12g, 10 mmol) and one equivalent 
of aqueous sodium hydroxide (2 M, 5 cm') in 2-ethoxyethanol (100 cm') was 
hydrogenated at 45 PSI over 5% Pd-C (50 mg) for 1 h at room temperature. After 
filtration through Celite, the solvent was removed in vacuo to yield 2-amino-3,4- 
dicyanopyrrole (1.29 g, 98%) as a grey solid, mp 248 °C (from ethyl acetate, decomp.) 
(Found: C, 54.3; H, 3.1; N, 42.6. C 61-N4 requires C, 54.6; H, 3.0; N, 42.4%); öij 
([2H6]DMSO) 7.09 (11-1, s) and 6.29 (21-1, br s); ö ([2H6]DMSO) 148.91 (q), 122.61, 
115.77 (q), 115.42 (q), 90.81 (q) and 69.79 (q); m/z 132 (M4, 100%), 105 (92), 78 (72), 
77(77), 51(43), 44(36), 43 (52), 36(29), 28 (41) and 27(62). 
NCCN 
11*4 	N 	2-Amino-3,4-dicyano-1-methylpyrrole 155 
Me 
A solution of 2-amino-5-bromo-3,4-dicyano-1-methylpyrrole (1.13g, 5 mmol) and one 
equivalent of aqueous sodium hydroxide (2 M, 2.5 cm') in 2-ethoxyethanol (50 cm) was 
hydrogenated at 45 PSI over 5% Pd-C (50 mg) for 1 h at room temperature. After 
filtration through Celite, the solvent was removed in vacuo to yield 2-amino-3,4- 
dicyano-1-methylpyrrole (0.48 g, 66%) as a brown solid, mp 224-245 °C (from ethanol, 
decomp.) (Found: C, 573; H, 4.2; N, 38.5. C 7H6N4 requires C, 57.5; H, 4.1; N, 38.4%); 
611 ([ 2146]DMSO) 7.18 (11-1, s), 6.50 (21-1, br s) and 3.44 (31-1, s); 6c  ([2116]DMSO) 148.64 
(q), 126.02, 115.58 (q), 115.12 (q), 89.51 (q), 70.04 (q) and 33.21; in/z 146 (Mt,  100%), 
131 (45), 129 (88), 92(74), 91(68), 57 (44) and 27(62). 
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4.2.5 	 Cyclisation Reactions 
Nil2 	CN 
4-Amino-6-hromo-5-cyano-1H-pyrrolO[2,3-d]pyrimidifle 158 
Formamidine acetate (5 g, 14.2 mmol) and 2-amino-5-bromo-3,4-dicyanopyrrole (1.5 g, 
7.1 mmol) were dissolved in 2-ethoxyethanol (30 cm 3) and heated at reflux for 36 h. The 
dark solution was treated with charcoal which was removed by hot filtration and the 
filtrate was concentrated in vacuo. The residue was triturated with water to give a brown 
solid that was recrystallised from DMF!methanol (1:1) to give 4-amino-6-bromo-5-
cyano-1H-pyrrolo[2,3-d]pyrimidine as a pale yellow solid (0.87 g, 51%) mp >300 °C 
(from methanol! water, 1:1, decomp.) (lit., 90 300 °C); oH ([2H6]DMSO) 8.21 (1H, s) and 
7.19 (2H, br s); öc ([21L]DMSO) 155.63 (q), 149.68, 149.24 (q), 124.61 (q), 115.56 (q), 
103.33 (q) and 84.10 (q); m/z 239 (Mt, 61%), 237 (M, 58), 158 (100), 103 (67), 76 
(52) and 44(15). 
Me 
5-Cyano-6-bromo-4-isobutoylamino-1H-pyitoIo [2,3-di 
Br pyrimidine 159 
4-amino-6-bromo-5-cyano-IH-pyrrolo[2,3-d]pyrimidine (0.237 g, 1 mmol) was dissolved 
in warm degassed acetonitrile (40 cm) with triethylamine (0.1 g, 1 mmol) and a solution 
of isobutoylchloride (0.106 g, 1 mmol) in acetonitrile (10 cm 3)  was added dropwise. 
The mixture was heated under reflux for 2 h under nitrogen. The solution was 
concentrated in vacuo, the residue was dissolved in methylene chloride and washed with 
water (2 x 25 cm') and aqueous hydrochloric acid (2 M, 1 x 25 cm 3), extracted with 
methylene chloride (2 x 30 cm'), dried over MgSO4 and concentrated in vczcuo to 5-
cyano6bromo-4-isobutoy1amino-JH-pyrrO1O[2,3-d]PYrimidine (0.236 g, 76%) as a pale 
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yellow solid mp 255-257 CC (from toluene, decomp.) (Found: C, 43.5; H, 3.8; N, 23.1. 
C 11H10BrN50. 0.5MeCN requires C, 43.8; H, 3.8; N, 23.4%); oH ([ 2H6]DMSO) 10.83 
(1H br s), 8.65 (1H, s), 2.75 (1H, septet J 6.9) and 1.10 (6H, d, J 6.9); öc ([2H6]DMSO) 
176.60 (q), 153.11 (q), 152.44, 149.93 (q), 123.86 (q), 114.82 (q), 110.98 (q), 88.66 (q), 
34.50 and 19.21; m/z 309 (M, 35%), 307 (M t, 34), 238 (25), 236 (18), 228(37), 71 (24) 
and 43 (100). 
4.2.6 	 Reactions With Meidrum's Acid 
General method for the reaction of methoxvmethylene Meldrums acid with heterocyclic 
amines. 
The heterocyclic amine (12 mmol) was dissolved in acetonitrile (a minimum amount, hot 
if necessary) and methoxymethiene Meldrum's acid 89 (5-methoxymethylene-2,2-dimethyl-
1,3-dioxane-4,6-dione) (2.24 g, 12 mmol) was added. The solution was stirred at room 
temperature for set times see table 47. The resulting precipitate was collected and dried 
to give the condensation products as outlined below. 
Table 47. 
Heterocyclic amine Time /H % Yield M.Pt 1°C 
1H-2-amino-4,5-dicyanoimidazole 1.0 87 213-215 
IH-2-amino- 1,3,4-triazole 0.5 93 235-237 




1H-2-Amino-3 ,4-dicyano-5-bromopyrrole and methoxymethylene Meldrum' s acid gave 
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5[N-(5-hromo-3, 4dicyanopyrrol-2-yOWfliflOmethYlefleJ2 2-dimethyl-] , 3-dioxane-4 , 6-
c/lone mp 244-246 °C (from ethanol) (Found: C, 42.7; H, 2.5; N, 15.2. C 13H9BrN404 
requires C, 42.8; H, 2.5; N, 15.3%); 8j j  11.41 (111, br s), 8.53 (111, s) and 1.67 (6H, s); öc 
163.91 (q), 163.48 (q), 156.07 (q), 152.11, 139.06 (q), 113.64 (q), 112.84 (q), 107.81 
(q), 104.88 (q), 94.63 (q), 88.40 (q) and 26.59; m/z 367 (M+1) 45%) and 365 (M+1) t 
42%)(FAB MS). 
0 	0 	5_[N_(1,2,4_TriazoI_3_yI)]amiflOmCthYIene-2,2-dimCthYI43- 
0t0 
N 




3-Amino-1,2,4-triazole and methoxymethylene Meldrum's acid gave 5-[N-('L2,4-triazol-
3_yl)]aminomethylene_2,2_difflethyl-1,3_diOXane-4,6d10ne as a white solid mp 208-209 
CC (from methanol) (Found: C, 45.1; H, 4.3; N, 23.6. C9H10N404 requires C, 45.4; H, 
4.2; N, 23.5%); 6H 14.11 (1H, br s), 11.32 (1H, br s), 8.41 (1H, s), 7.36 (1H, s) and 1.64 
(6H, s); 6c 163.88 (q), 162.32 (q), 156.28 (q), 152.37, 144.74, 104.67 (q), 87.91 (q) and 
26.45; m/z 239 (M+1)', 100%)(FAB MS). 
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0 	0 H 	
5_[N_(4,5_dicyanoimidazol-2-yI)amiflOmethYleflC-2,2- 
CN dimetbyl-1 ,3-dioxane-4,6-dione 165 
H N CN 
1H-2-Amino-4,5-dicyanoimidazole and methoxymethylene Meldrum's acid gave 5-[N-
(4, 5-dicyanoimidazol-2-yl)amiflOmethy!efle-2 2-dime thy!-] , 3-dioxane-4, 6-c/lone as a pale 
brown solid mp 213-215 CC (from ethanol) (Found: C, 50.3; H, 3.5; N, 24.5. 
C 12H9N504  requires C, 50.2; H, 3.2; N, 24.4%); 5H 11.45 (1H, br s), 8.66 (IH, s) and 
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1.67 (61-1, s); oc 165.05 (q), 16345 (q), 153.18, 149.40 (q), 139.25 (q), 135.14 (q), 
115.58 (q), 112.91 (q), 105.04 (q), 88.92 (q) and 26.67; m/z 288 (M+1)t, 100%)(FAB 
MS). 
Pyrolysis of the Meldrum's acid derivatives. 
Pyrolytic technique. 
The compounds were pyrolysed under FVP conditions as shown in figure 8, in a yield and 
at a temperature and pressure as given in table 48. The products were formed at the exit 
of the furnace tube and were scraped out of the trap with a spatula. 
Table 48. 
Inlet Temp/°C Furnace Temp/°C Pressure/mmHg Yield I % Time I h 
168 160-190 650 0.05 11 2 
169 190-210 650 0.05 22 2.5 
170 210-240 700 0.05 62 3 
I-Bromo-2,3-dicyanopyrroIo1,5-aJpyrimidin-9-one 168 
Pyrolysis product 1-bromo-2, 3-dicyanopyrrolo[I, 5-a]pyrimidin-9 -one mp 256-258 °C 
(from ethanol, decomp) (Found: C, 40.9; H, 1.2; N, 21.5. C 9H3BrN40 requires C, 41.1; 
H, 1.1; N, 21.3%); oH ([2th]DMSO) 13,52 (11-1, br s), 7.97 (1H, d, 3j  7.6), 5.86 (1H, d, 
V 7.6); O ([ 2H6]DMSO) 165.12 (q), 148.11 (q), 143.24 (q), 114.35 (q), 113.89 (q), 






Pyrolysis product 12-dicyanoimidazolo[1,5-aJpyrimidin-9-one mp 263-264 °C (from 
ethanol) (Found: C, 51.8; H, 1.8; N, 37.5. C 8H3N30 requires C, 51.9; H, 1.6; N, 37.8%); 
S ([H]DMSO) 8.13 (1H, d, 3J7.5) and 6.02 (1H, d, 3.J7.5); Sc ([ 2H6]DMSO) 160.72 
(q), 150.08 (q), 144.61 (q), 142.41 (q), 114.24 (q), 113.93 (q), 108.29 and 102.47; in/z 
185 [(M+1), 100%](FAB MS). 






N N 	N N 
I 	 I 	Triazolo[1,5-a]pyrimidin-9-one 170B 
H H 
A 	 13 
Pyrolysis products triazolo[4,3-a]pyrimidin-9-one and triazolo[ 1, 5-a]pyrimidin-9-one; 6n 
([2H6]DMSO) 9.05 (A, IH, s), 8.23 (B, 1H, s), 8.00 (B, 1H, d, 3J7.5), 7.99 (A, 1H, d, V 
7.1), 5.94 (B, 1H, d, 3j  7.5) and 5.76 (A, 1H, d, .J7.1); Sc ([ 2H4DMSO) 156.55 (q, B), 
156.10 (q, A), 152.03 (B), 150.83 (q, B), 149.39 (q, A), 148.21 (A), 140.67 (B), 133.36 
(A), 99.29 (B) and 96.93 (A); m/z 136 (M+I)', 100%) (FAB MS). 
Pyrolyses at different temperatures gave varying proportions of the two products; ratios 
were determined from the integral values obtained for the peaks at 6n 5.94 and 5.76. The 
relative proportions of the two isomers 170A:170B are as follows: 400 °C, 64:36; 500 
°C, 42:58; 600 °C, 36:64; 700 °C, 31:69. 
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4.3.1 	 Preparation of the 2,4-diones. 
3-Methylpenta-2,4-dione and hepta-3,5-dione were available commercially. 
I ,5-Diphenylpenta-2,4-dione and 1,1,1 -trifluoromethylpenta-2,4-dione were made by the 
reactions described below. 
0`0`0 Phenylacetic anhydride °5 
Phenylacetylchloride (15.7 g, 0.1 mol) was dissolved in dichloromethane (80 cm 3), and 
this solution was added to a vigorously stirred solution of phenylacetic acid (20.42 g, 
0.15 mol) and sodium hydroxide (6 g, 0.15 mol) in water (80 cm 3). t-Butylammonium 
bromide (0.4 g, 12 mmol) was added and the mixture was stirred vigorously for 40 mm. 
The dichloromethane layer was washed with 5% NaHCO3 (2 x 80cm 3 ) and brine (1 x 80 
Cm 3),  the aqueous phases were extracted with dichloromethane (1 x 50 cm 3), the extracts 
were combined, dried (MgSO4) and concentrated under vacuum to give phenylacetic 
anhydride (21.27 g, 84%) as a cream solid mp 69-70 °C (from toluene)(lit.,' °5 68-71°C). 
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1,5-diphenylpentane-2,4-dione 197 106 
Phenylacetic anhydride (21 g, 83 mmol), diethyl malonate (6.6 g, 42 mmol), magnesium 
oxide (0.04 g) and copper acetate (0.02 g) were mixed together and heated until a liquid 
had formed (70 °C). This liquid was purged with nitrogei for 30 min and then heated to 
190 °C and stirred at this temperature for 2.5 h. The mixture was cooled, extracted with 
ether (80 CM)  , and then the ether was washed with dilute sodium hydroxide solution 
(IM, 40 cm) (to remove the phenylacetic acid). The ether was removed in vacuo to 
give a residue that was treated with saturated copper acetate solution and shaken. This 
gave an oily precipitate that was collected and washed with water, then hexane until the 
filtrate was colourless. The solid was dried to give the copper chelate of 1,5-
diphenylpenta-24-dione (4.85 g, 40%). 
The copper chelate (4.85 g, I Smmol) was decomposed with hydrochloric acid (24 cm) 
and extracted with ether (170 cm), dried (MgSO 4) and concentrated under vacuum to 
give 1,5-diphenylpentane-2,4-dione (2.74 g, 64%) mp 66-67 °C (from ethanol)(lit., 89 64- 
65 °C) enol form (85%) 6H  15.29 (1 H, hr s), 7.34-7.20 (1 OH, m), 5.44 (1 H, s) and 3.56 
(4H, s); diketone form (15%) 6H  7.29-7.10 (10H, m), 3.72 (4H, s) and 3.54 (2H, s);m/z 
252 (M, 7%), 162 (27), 161 (84), 118(10), 91(100), 65 (17) and 28(87). 
1-Propionyl-3,3,3-trifluoroacetone 199 
Ethyl trifluoroacetate (39.66 g, 0.28 mol) was added dropwise to a stirred suspension of 
anhydrous sodium methoxide (16 g, 0.29 mol) in ether (30 cm 3 ) Butan-2-one (20.16 g, 
0.28 mol) was added dropwise and the suspension was stirred at room temperature for 18 
h and concentrated under vacuum to give the crude sodium salt of I-propionyl-3,3,3-
trifluoroacetone (41.93 g, 78%). This sodium salt was heatedat 90°C under vacuum to 
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release the excess alcohol (5.5 g) from the salt. The sodium salt was stirred with sulfuric 
acid (10%, 206 cm 3)  to release the dione which was extracted from the aqueous solution 
with ether (3 x 50 cm). The extracts were combined, dried (MgSO 4) and concentrated 
under vacuum keeping the temperature below 40 °C to give 1-propionyl-3,3,3-
trifluoroacetone, (27.84 g, 59%) as a clear liquid bp 125 °C (0.08 Tort) (lit.,' 08 124 °C, 
0.076 Tort). 
The 1 H NMR spectrum showed that the compound existed exclusively as the enol form 
5-hydroxy-6,6,6-trifluoro-hex-4-ene-3-one 8H 5.87 (1 H, s), 2.42 (2H, q, 3J 7.3), 1.13 
(3H, t, 3J7.3). 
	
4.3.2 	 Preparation of substituted pyrazoles. 
The following pyrazoles were formed from the corresponding diones by the addition of 
the diones to a stirred solution of hydrazine hydrate in ethanol with a little acetic acid. 
3,5-Dimethylpyrazole was commercially available. 
Me 	Me 	
3,4,TrimcthylpyrazoIe 189 
3-Methylpenta-2,4-dione (1.145 g, 10 mmol) was added dropwise to a stirred solution of 
hydrazine hydrate (99% solution, 0.53 cnL 10.4 mmol), water (0.02 cm 3 ) and acetic acid 
(0.03 cm 3). The solution was stirred for 30 min at 10-15 °C. The solid that precipitated 
was collected, washed with ice cold water and dried to give 3,4,5-trimethylpyrazole 
(0.86 g, 78%) as a white solid nip 142-145 °C (from methanol) (lit.,' °4mp 144 °C); 8H 
10.82 (1 H, br s), 2.21 (61-1, s) and 1.92 (3H, s); 6c14151 (q), 109.96 (q), 10.32 and 7.13; 
m/z 110 (M, 90%), 109 (100), 95 (45), 68(15), 54(14), 42 (28) and 41(15). 
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Et 
"INEt 	3,5-Diethylpyrazole 190 
H 
Hepta-3,5-dione (1.245 g, 10 mmol) was added dropwise to a stirred solution of 
hydrazine hydrate (99% solution, 0.53 cm 3 , 10.4 mmol), water (0.02 cm) and acetic acid 
(0.03 CM)  . The solution was stirred for 30 min at 10-15 °C. The mixture separated into 
two layers, water (5.0 cm) was added and the solution was extracted with 
dichloromethane (3 x 30 cm) the combined organic layers were dried with MgSO 4 and 
concentrated in vacuo to give 3,5-diethylpyrazole (1.2 g, 99%) as a clear liquid bp 210 
°C (0.1 Torr) (Found: M, 124.1003. C71­112N2 requires M 124.1000); on 11.04 (111, hr 
s), 5.85 (111, s), 2.64 (4H, q 3J, 7.5) and 1.22 (6H, t 3J, 7.5); 0c  149.99 (q), 10091, 
19.92 and 13.27; m/z 124 (M, 74%), 123 (100), 109 (80), 95 (22) and 39 (28). 
Et 
3-Ethyl-5-trifluoromethylpyrazole 202 
Hydrazine hydrate 2.5 g (50 mmol) was dissolved in ethanol (10 cm') with acetic acid (1 
cm3). 6,6,6-Trifluoro-5-hydroxy-hex-4-en-3-one 201 (8.4 g, 50 mmol) was added 
dropwise and the solution was heated at reflux for 3 h. The solution was poured into 
water (25 cm3) and extracted with ethyl acetate. The organic layer was washed with 
sodium hydrogen carbonate (10%, 25 cm'), dried with MgSO4 and concentrated under 
vacuum to give 2-ethyl-4-trjfluoromethylpyrazole (7.13 g, 87%) as a low melting white 
solid. It was sublimed at 105 °C (0.1 Tort). (Found: Mt, 164.0551. C6H7F3N2 requires 
At, 164.0560; 81111.17 (1H, hr s), 6.30 (IH, d 4j, 0.6), 2.66 (211, dq 4.J, 0.6, 3J, 7.5) and 
1.23 (3H, t J, 7.5); oc  147.5 (q), 142.4 (q, q 2JF, 38), 121.4 (q, q 'Jr, 268), 101.2 (q, q 





I ,5-Diphenylpentane-2,4-dione (1.260 g, 5 mmol) was added dropwise to a stirred 
solution of hydrazine hydrate (99% solution, 0.26 cm 3, 5.2 mmol), water (0.01 cm 3 ) and 
acetic acid (0.02 cm 3 ). The solution was stirred for 50 min at 10-15 °C. The mixture 
separated into two layers, water (5.0 cm 3)  was added and the solution was extracted with 
dichloromethane (3 x 30 cm 3)  the combined organic layers were dried with MgSO 4 and 
concentrated in vacuo to give 3,5-dibenzylpyrazole (0.41 g, 33%) as a clear liquid bp 
257 °C (0.1 Torr) (Found: M, 248.1307. C17H16N2 requires M, 248.1313); 8H 9.26 (111, 
br s), 7.10-7.03 (lOH, m), 5.68 (1H, s) and 3.76 (4H, s); 6c  151.17 (q), 132.87, 132.11 
(q), 128.69, 128.01, 100.54 and 22.48; nilz 248 (Mi, 8%), 91(3), 43 (8), 32 (20) and 28 
(100). 
4.3.3 General method for the reaction of the pyrazoles with propiolic acid. 
To a cold (various temperatures-see table 49) suspension of propiolic acid (2.83 g, 17.4 
mmol) in dichloromethane (35 cm 3)  was added the pyrazole (17.3 mmol) followed by a 
solution of 1,3-dicyclohexylcarbodiimide (3.57g, 17.3 mmol) in dichloromethane (35 
cm3). The mixture was stirred under nitrogen for the time stated in table 49, warmed to 
room temperature and stirred until all the dicyclohexylurea had precipitated. The 
mixture was filtered through a short silica column and the sample was eluted with ether 
(2 x 60 cm3). Evaporation of the eluate gave the following products. 
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Table 49. 
Pyrazole Temp/ °C Time! h Yield! % 
dimethyl -78 0.5 92 
trimethyl -78 0.5 86 
diethyl -78 1.0 83 
2-ethyl-5-CF3 0-20 18 79 
dibenzyl -78 3 46 
3,5-Dimethyl-1-propynoylpyrazole 193 
This product was sublimed (70 "C, 05 Ton) to give 3,5-dimethyl-l-propynoylpyrazole as 
a cream solid mp 87-88 "C (lit., 8 ' 86-86.4 "C); oH 5.99 (1H, q, 4J 0.9), 3.48 (1 H, s), 2.48 
(31-I, d, 4J0.9) and 2.24 (3H, s); 5c  154.39 (q), 150.32 (q), 144.07 (q), 112.20, 82.09 (q), 
75.78, 13.72 and 13.68; nilz 148 (Mt 72%), 120 (93), 95 (63) and 53 (100). 
3,4,5-Trimethyl-1-propynoylpyrazole 194 
This compound was sublimed (120 "C, 05 Tort) to give 3,4,5-trimethyl-1-
propynoylpyrazole as a cream solid mp 108-110 "C (lit.,' 00 109-112 "C); 0H 3.43(1H, s), 
2.42 (3H, s), 2.20 (3H, s) and 1.88 (3H, s); 8c 154.89 (q), 150.74 (q), 139.43 (q), 118.93 
(q), 81.60 (q), 76.00, 12.26, 11.95 and 7.34; m/z 162 (M',51%), 134 (67), 133 (48), 119 




N%N 	H 	3,5-Diethyl-1-propynoylpyrazole 195 
1 r, 0 
The solid residue was recrystallised to give 3,5-diethyl-I-propynoylpyrazole mp 95-96 
°C (from ethanol). (Found: M, 176.0952. C10H12N20 requires M, 176.0950); 8H  6.10 
(1H, t, 3J 1. 1), 3.45 (1H, s), 3.00 (21-1, dq, 4J 1. 1, 3J 7.4), 2.65 (2H, q, 3J 7.4) and 1.23 
(6H, t, 3J 7.4); 6, 159.99 (q), 150.96 (q), 150.63 (q), 108.91, 81.90 (q), 76.03, 21.58, 
21.23, 12.84 and 12.15; mlz 176 (Mt, 62%), 175 (31), 148 (99), 147 (69), 133 (79), 123 
(86), 66 (34) and 53 (100). 
CF3> 
r, 0 	5-Ethyl-3-trifluoromethyl-1-propynoylpyrazole 203 
This product was sublimed at 140 °C (0.2 Ton) to give 5-ethyl-3-trjfluoromethyl-1-
propynoylpyrazole as a clear solid mp 44-46 °C (from ethanol). (Found: Mt 216.0513. 
C9H7F3N20 requires M, 216.0510); 3H6.46 (1H, s), 3.66 (IH, s), 3.00 (2H, dq, 4J0.9, 3J 
7.5) and 1.25 (3H, t, 3J 7.5); 8c  151.9 (q), 150.9 (q), 146.3 (q, q, Jr 39), 120.2 (q, q, VF 
270), 106.4, 84.2, 74.7 (q), 21.1 and 11.7; 8 -64.01; nl/z 217 (M+ 1) +, 100%), 165 (27), 




The solid residue was recrystallised to give 3,5-dibenzyl-1-propynoylpyrazole mp 186-
187 °C (from ethanol). (Found: Mt 300.1258. C201-115N20 requires M, 300.1263); 8H 
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7.22-7.05 (1 OH, m), 5.68 (1 H, t .J 1.0), 4.11 (21-1, s), 3.82 (2H, d, 4.J 1.0) and 3.41 (1 H, 
s); 8c 155.62 (q), 151.01 (q), 150.12 (q), 133.21, 132.71, 132.37 (q), 131.81 (q), 129.9 1, 
129.25, 127.87, 127.28, 114.28, 82.29 (q), 76.28, 21.87 and 22.21;m/z 300 (M4, 12%), 
276 (15), 247 (100), 224 (20), 195 (53), 56 (34) and 28(42). 
4.3.4 	 Pyrolysis of propynoylpyrazole derivatives. 
All pyrolyses of the propynoylpyrazole derivatives were carried out under the conditions 
given in table 50 using the same apparatus as shown in figure 8. The products were 
formed at the exit of the furnace tube and were scraped out of the trap with a spatula or 
washed out with [2H]chloroform. 
Table 50. 
Furnace Temperature 650° C 
Inlet Temperature 120-150°C 
Pressure 0.02 Torr 
Quantity pyrolysed 2 mmol 
Time Ih 
2-NtethyIpyrazoIo[1,5-apyridin-5-ol 182 
This product was obtained in 78% yield by FVP of 3,5dimethyl-1-propynoylpyrazole 
and sublimed at 100 °C (0.1 Torr) to give 2-methylpyrazolo[ I ,Sa]pyridin-5-oI as a clear 
solid mp 187-189°C (lit., 100  mp 186-188 °C, deconip.); 5H  10.71(1 H, br s), 8.29 (1 H, d, 
3J7•5), 6.64 (1 H, d, 4J2.6), 6.36 (1 H, dd, 4J2.6, 3J7.5), 5.99 (1 H, s) and 2.27 (3H, s); 
Sc 154.05 (q), 151.32 (q), 142.12 (q), 129.41, 105.39, 96.85, 93.52 and 13.7;m/z 148 





This product was obtained in 64% yield by FVP of 3,4,Strimethyl-I-propynoylpyrazole 
and was collected as an impure yellow solid to give 2,3.dimethylpyrazolo[1,5-a]pyridin- 
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5-ol as a colourless solid mp 213-215 °C (from chloroform) (lit.,"' 214-215 °C); 8. 9.98 
(111, br s), 8.25 (111, d, 3J 7.5), 6.52 (1H, d, 4J 2.6), 6.30 (1 H, dd, 4J 2.6, 3J 7.5), 2.22 
(3H, s) and 2.03 (311, s); 5c 153.08 (q), 148.95 (q), 139.85 (q), 129.19, 104.97, 99.87 (q), 




The product from the pyrolysis of 3,5-diethyl-1-propynoylpyrazole was obtained in 71% 
yield and was sublimed at 140 °C (0.02 Ton) to give 2-ethyl-4-methylpyrazolo[],5-
aJpyridin-5-ol as pale yellow prisms mp 61-62 °C (Found: C, 67.2; H, 6.8; N, 15.6. 
C0H12N20.0.15H 20 requires C, 67.2; H, 6.9; N, 15.7%); 8, 8.15 (111, hr s), 7.93 (111, d, 
3J7.5), 6.36 (111, d, 3J7.5), 6.07 (1H, s), 2.79 (2H, q, 3J7.7), 2.27 (3H, s) and 1.31 (311, 
t, J7.7); 6c 157.59 (q), 150.33 (q), 144.14(q), 125.39, 107.61 (q), 105.57, 91.89, 21.35, 




cp 4-Methyl-2-trifluoromethylpyrazolo[1,5-a]pyridin-5.ol 198 
-  
4-Methyl-2-trjfiuoromethylpyrazolo[1,5-a]pyridin-5-ol (59%) was obtained by FYP of 
5 -ethyl -3-trifluoromethyl-1-propynoylpyrazole was sublimed at 155 °C (0.2 Ton) to give 
a clear solid mp 126-128 °C (from ethanol) (Found: C, 50.1; H, 3.5; N, 12.8. 
C9H7F3N20 requires C, 50.0; H, 3.3; N, 13.0%);. 6H  9.24 (1H, br s), 8.15 (111, d, 3J 7.5), 
6.63 (111, d, 3J 7.5), 6.59 (111, s) and 2.33 (311, s); 8c  150.34 (q), 144.28 (q, q, 2JF 38), 
143.82 (q), 126.53, 121.22 (q, q, '.Jr 269), 109.11 (q), 108.69, 93.32 (d, 3  J 2.3) and 
10.82; S  —62.02; mlz 216 (Mt 100%), 215 (37), 202 (21), 187 (18), 167 (19) and 53 
(11). 
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4.4 Preparation of 3H-Pyrrolo[1 .2-dill ,2,4itriazin-4-ones. 
M) 
OR N-Carbethoxyhydrazone of 3-cyano-2-formylpyrrole 215 
H H H 
2-Formylpyrrole (4.75 g, 50 mmol) and 5.20 g (50 mmol) ethyl carbazate were heated in 
ethanol at reflux for 24 h. The ethanol was removed under vacuum to give N-
carbethoxyhydrazone of pyrrole-2-aldehyde (8.1 g, 88%) as a yellow solid mp 138-




The N-carbethoxyhydrazone of 2-formylpyrrole (1.81 g, 10 mmol) was dissolved in a 
solution of sodium propoxide [(from sodium (0.23 g) and propanol (50 cm 3 )], and heated 
at reflux for 24 h. The solution was concentrated under vacuum and the residual sodium 
salt was stirred with hydrochloric acid (5%, 7 cm 3) and extracted from the aqueous 
solution with dichloromethane (3 x 30 cm 3). The extracts were combined, dried 
(MgSO4) and concentrated under vacuum to give 3H-pyrrolo[ 1 ,2-d] [1 ,2,4]triazin-4-one 
(27.84 g, 59%) as a light brown solid mp 168-170°C (from acetone) (lit., 113 mp 169 °C) 
3H 10.14 (IH, hr s), 8.04 (114, s), 7.78 (IH, m), 6.76 (11-1, m) and 6.75 (IH, m); 8c 145.45 
(q), 132.77, 125.47 (q), 117.08, 115.62 and 109.70. 
N 
H 	 3H-6'Bromopyrrolo[1,2-ifl[1,2,4]triazin-4-one 246 
Br 
3H-Pyrrolo[1,2-d][1,2,4]triazin-4-one (0.27 g, 2 mmol) was dissolved in warm 
chloroform (10 cm 3) and the solution was cooled to room temperature, bromine (0.20 g, 
1.2 mmol) in chloroform (3 cm3) was added and the solution was left to stand for 1.5 h. 
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The precipitate was collected and dried to give 3H-6-bromopyrrolo[1,2-d][1,2,4]triazin-
4-one (0.37 g, 87%) as a white solid mp 196-197 °C (from ethanol) (lit., 114 198 °C) 3H 
([2H5]DMSO) 12.12 (IH, br s), 8.15 (iF, s), 6.87 (iF!, d 3J 4.0) and 6.80 (1H, d 3J 4.0); 
6c ([2H6]DMSO) 146.52 (q), 136.48, 124.14 (q), 119.54(q), 115.42 and 114.19. 





3H-Pyrrolo[ I ,2-d] [1 ,2,4]triazin-4-one (0.27 g, 2 mmol) and N-chlorosuccinimide (NCS) 
(0.27 g, 2 mmol) were dissolved in warm chloroform (10 cm 3) and heated at reflux for I 
h. The solution was cooled, washed with dilute aqueous sodium carbonate (IM, 10 
cm3), extracted with chloroform (2 x 10 CM)  , dried over MgSO 4 and concentrated in 
vacuo to give 3H-6-chloropyrrolo[1,2-d][1,2,4]triazin-4-one (0.33 g, 96%) as a white 
solid mp 196-198 °C (from ethanol) (Found: C, 42.3; H, 2.6; N, 25.0. C6114C1N 30 
requires C, 42.5; H, 2.4; N, 24.8%); 8n  9.45 (IH, br s), 7.87 (1H, s), 6.63 (IF!, d 3J 4.0) 
and 6.59 (IF, d 3J 4.0); 5c 144.68 (q), 135.69, 123.74 (q), 120.25 (q), 119.57 and 
113.92; mlz 171 (Mt 10%), 170 (8), 169 (M, 30), 168 (30) 134 (100), 133 (45), 129 
(11), 127 (34), 112 (44) and 99(25). 
CN 
/\ 
N 	CHO 	3-Cyano-2-formylpyrrole 223 
H 
A degassed solution of 4-cyanopyridine-N-oxide (2.40 g, 20 mmol) and copper (II) 
sulfate pentahydrate (45.86 g, 0.2 mol) in deionised water (500 cm 3) was vigorously 
stirred and irradiated by a 400 Watt mercury lamp for 7 h at room temperature. A gentle 
flow of nitrogen through the solution was maintained during the reaction. The resulting 
solution was saturated with sodium chloride and continuously extracted with 
dichloromethane (300 cm 3)  overnight. The organic layer was dried (MgSO 4) and 
concentrated under vacuum to give a cream solid (1.72 g). This was purified by dry 
207 
flash chromatography (hexane / ethyl acetate) to give 3-cyano-2-formylpyrrole (0.86 g, 
36%) as acream solid mp 167-169°C (from ethanol) (lit., 118  170 °C). 
CN 
N-Carbethoxyhydrazone of 3-cyan2-formylpyrrolc 
3-Cyano-2-formylpyrrole (0.86 g, 7.1 mmol) and ethyl carbazate (0.75 g, 7.1 mmol) 
were stirred in acetic acid (60 cm 3)  at room temperature for 40 h. The acetic acid was 
removed under vacuum to give N-Carbethoxyhydrazone of 3-cyano-2-formylpyrrole ( 1.4 
g, 94%) as a yellow solid mp 120-122 °C (from methanol); (Found: rt, 206.0803. 
C9H 1 0N402 requires M, 206.0804); SH ([2 l-16]DMSO) 12.31 (IH, br s), 11.18 (IH, br s), 
8.05 (1 H, s), 6.97 (1 H, d, 3J3.l), 6.53 (1 H, d,t13.l), 4.14 (2H, q 3.J7.0) and 1.23 (31-1, 
3j 7.0); 8c  ([2H6]DMSO) 153.42 (q), 133.85, 133.10 (q), 122.87, 116.05 (q), 112.43, 
93.25 (q), 60.82 and 14.62;m1z 206 (Mt 35%), 147 (17), 134 (17), 104 (55), 91(52), 78 
(43) and 43(100). 
CN 
3H-8-Cyanopyrrolo[1,2-dJ 11,2,4]triazin-4-one 232 
The N-carbethoxyhydrazone of 3-cyano-2-formylpyrrole (0.82 g, 4 mmol) was dissolved 
in a sodium propoxide solution [(from sodium (0.10 g) and propanol (20 cm)], and 
heated at reflux for 60 h. The solution was concentrated under vacuum and the residue 
was added to water (10 cm 3 ) and hydrochloric acid (5%, 3 cm?) was added. The product 
was extracted from the aqueous solution with dichloromethane (3 x 10 cn?). The 
extracts were combined, dried (MgSO 4) and concentrated under vacuum to give 3H-8-
cyanopyrrolo[1, 2-d][J, 2, 4]triazin-4 -one (0.12 g, 19%) as a yellow solid mp 122-124 °C 
(from methanol) (Found: M, 160.0380. C71-14N40 requires M, 160.0385); 6H 
([2 H 5]DMSO) 11.53 (1 H, br s), 8.47 (1 H, s), 7.87 (1 H, d,312.5) and 7.25 (1 H, d, 3J2.5); 
5, ([2H6]DMSO) 143.67 (q), 130.70 (q), 130.05, 117.77, 117.60, 114.13 (q) and 90.41 
W. 
(q); m/z 160 (M, 42%), 159 (38), 118 (23), 103 (3 1) and 90(100). 
MeO2C 
I \ 	N 	
N-Carbethoxyhydrazone of 2-formyl-4- 
N OR methoxycarbonylpyrrole 
H H H 
2-Formyl-4-methoxycarbonylpyrrole 120  (1.70 g, II mmol) and ethyl carbazate (1.15 g,11 
mmol) were heated in acetic acid at reflux for 18 h. The acetic acid was removed under 
vacuum to give N-carbethoxyhydrazone of 2-formyl -4-methoxycarbonylpyrrole (1.32 g, 
50%) as a grey solid mp 112-114 °C (from toluene) (Found: C, 50.3; H, 5.6; N, 17.4. 
C10H13N304 requires C, 50.2; H, 5.5; N, 17.6%);6H 11.03 (IH, br s), 9.26 (IH, br s), 
7.72 (1 H, s), 7.41 (1 H, dd 3J 1.3, V 1.6), 6.65 (1 H, d 4 1.6), 4.18 (2H, d, 3J6.9), 3.75 
(3H, s) and 1.21 (3H, t .J 6.9); 8c 164.74 (q), 154.03 (q), 135.72, 127.96 (q), 126.55, 




3H-7-Propoxycarbonylpyrrolo[ 1 ,2-dI 11,2,41 triazin-4- 
H Y one 233 
The N-carbethoxyhydrazone of 2-formyl-4methoxycarbonylpyrrole (0.66 g, 3.0 mmol) 
was dissolved in a sodium propoxide solution [(from sodium (0.70 g) and propanol (20 
cm3)], and heated at reflux for 48 h. The solution was concentrated under vacuum, the 
residue was added to water (10 cm 3 ) and hydrochloric acid (5%, 1.5 cd) was added. 
The product was extracted from the aqueous solution with dichloromethane (3 x 10 
cm 3). The extracts were combined, dried (MgSQ) and concentrated under vacuum to 
give the product. It was shown that the cyclisation had occurred and also an ester 
exchange reaction had taken place, the methyl ester had been exchanged for a propyl 
ester from the propanol solvent to give 3H-7-propoxycarbonylpyrrolo[1,2-
dJ[1,2,4]triazin-4-one (0.24 g, 37%) as a brown solid mp 135-136 °C. (Found: M, 
221.0803 CioHiiN303requircs M, 221.0800);5H  11.23 (IH, br s), 8.59 (IH, s), 7.65 (IH, 
s) 7.32 (II-!, s), 4.21 (2H, t, 3J 7.0) 4.11 (2H, m), and 1.24 (31-1, t 3J 7.0); 6c 151.87 (q), 
thL'] 
142.92 (q), 134.78 (q), 129.47, 120.21, 119.45, 110.54 (q), 57.24, 55.69 and 15.87; m/z 
221 (Mt, 34%), 220 (28), 179 (30), 164 (41), 162 (81), 151 (76) and 59(100). 
'N7 	OMe 	Methyl 2-pyrrolylglyoxylate 234 
II 0 
A solution of pyrrole (1.85 g, 28 mmol) in dry ether (14 cm 3) was added slowly to a 
solution of oxalyl chloride (4.21 g, 33 mmol) in ether (30 cm 3)  over 1 h at -78 °C. The 
mixture was stirred for a further hour and added carefully to a vigorously stirred solution 
of sodium methoxide [(from sodium (0.67 g) and methanol (50 cm 3)]; the solution was 
left to warm to room temperature and stirred for 1 h. The solution was concentrated to 5 
cm  under vacuum (with no heating) and water was added, the solution was extracted 
with ether (6 x 30 cm 3 ), dried (MgSO4) and concentrated under vacuum. The residue 
was redissolved in dichloromethane and treated with charcoal under reflux, the charcoal 
and dichloromethane were removed and the solid was recrystalised to give methyl 2-
pyrrolylglyoxylate (2.1 g, 51%) as a colourless solid mp 66-67°C (lit., 121  mp 67-68 °C). 
N-Carbethoxyhydrazone of methyl 2-pyrrolylglyoxylate 236 
Methyl 2-pyrrolylglyoxylate (0.5 g, 3.3 mmol) and ethyl carbazate (0.35 g, 3.3 mmol) 
were heated in acetic acid (35 cm 3) at reflux for 24 h. The acetic acid was removed 
under vacuum to give a dark solid (0.63 g) that was purified by dry flash 
chromatography (hexane / ethyl acetate) to give N-carbethoxyhydrazone of methyl 2-
pyrrolylglyoxylate (0.32 g, 39%) as a white solid mp 89-90 °C (from ether) (Found: C, 
48.4; H, 5.6; N, 16.6. C,0H13N304.0.5H20 requires C, 48.4; H, 5.7; N, 16.9%); aH 10.63 
(IF, br s), 9.47 (1 H, hr s), 7.37 (1 H, m), 6.72 (1 H, t, 3J 3.0), 6.43 (IF, dd, 3j  3.0, 4J 1.5), 
4.22 (2H, q, 3J 6.9), 3.62 (31-1, s) and 1.23 (311, t 3J 6.9); 5c  167.55 (q), 165.01 (q), 
210 
138.22, 128.47 (q), 126.12, 121.45 (q), 111.14, 60.47, 54.12 and 13.14; m/z 239(M, 
89%), 193 (29), 137 (28), 107 (100), 92(31) and 78(25). 
'i'{ 	'OEt Ethyl 2-pyrrolylglyoxylate 235 
H 0 
Ethyloxalyl chloride (0.5 g, 3.6 mmol) was dissolved in dichloromethane (8 cm 3 ) and 
cooled to -78 °C. Pyridine (0.32 g, 4 mmol) in dichloromethane (8 cm 3) and then 
pyrrole (0.22 g, 3.3 mmol) in dichloromethane (8 cn?) were added dropwise to the 
stirred ethyloxalyl solution which was stirred at-80 °C for 3 h. The solution was poured 
on a mixture of ice and dilute aqueous hydrochloric acid. Tie organic layer was 
separated, washed with water, dried over MgSO 4 and concentrated/n vacuo to give ethyl 
2-pyrrolylglyoxylate (0.69 g, 2.70 rnmol, 82%) as a pale purple liquid. Distillation at 
105 °C (0.1 Tort) gave a pale yellow liquid that solidified (0.52 g, 62%) mp 38-40 °C 
(lit., 12 ' 38-39.5 °C). 
OEt 
N _H 	N-Carbethoxyhydrazone of ethyl 2-pyrrolylglyoxylate 237 
o1oa 
Ethyl 2-pyrrolylglyoxylate (1.0 g, 6 mmol) and ethyl carbazate (0.64 g, 6 mmol) were 
heated in acetic acid (70 cm 3 ) at reflux for 24 h. The acetic acid was removed under 
vacuum to give a dark solid (1.02 g) that was purified by dry flash chromatography to 
give N-carbethoxyhydrazone of ethyl 2-pyrrolyiglyoxylate (0.85 g, 56%) as a white solid 
mp 74-76 °C (from ether). Found: C, 52.3; H, 6.2; N, 16.4. C,,H15N304 requires C, 
52.2; H, 6.0;N, 16.6%);6H 10.51(1 H, br s), 9.36 (1 H, br s), 7.48 (I H, m), 6.83 (1 H, t,J 
3.0), 6.34 (IH, dd, 3J3.0, 4.J 1.5), 4.22 (21-1, q, 3J6.9), 4.11 (2H, q, 3J6.9), 1.31 (3H, t, 3J 
6.9) and 1.23 (31-1, t 3J 6.9); 6c 168.92 (q), 163.75 (q), 134.14, 129.12 (q), 125.87, 
120.97 (q), 110.40, 60.87, 59.87, 15.21 and 14.01; ,n/z 253(Mt 67%), 207 (22), 151 
211 
(14), 121 (100), 106 (4 1) and 92 (45). 
1-Methyl-3H-pyrrolo[1,2-dJ[1,2,4]triazjn-4.one 239 
2-Acetylpyrrole (10 g, 92 mmol) and ethyl carbazate 9.80 g (92 mmol) were heated in 
acetic acid at reflux for 24 h. The solvent was removed under vacuum to give 1 -methyl-
3H-pyrrolo[1,2-d][1,2,4]triazin-4-one (2.39 g, 64%) as a yellow solid mp 134-136 °C 
(from ethyl acetate); (Found: M 4, 149.0584. C7H7N30 requires M, 149.0589); 6H 10.19 
(I H, br s), 7.78 (1 H, dd, 3J 2.5), 6.75 (1 H, d, 3J 2.5), 6.65 (1 H, d, 3J 2.5) and 2.42 (3H, 
s); 6c 145.61 (q), 140.69 (q), 126.34 (q), 117.24, 114.15, 109.02 and 17.62; m/z 149 (Mt 




C 13 H27 
2-Tridecylpyrrole 238 
A solution of methyl iodide (22.72 g, 0.16 mol) in dry ether (20 cm 3 ) was added over 30 
minutes to a stirred suspension of magnesium turnings (4.5 g, 0.18 mol) in dry ether (25 
c m 3  ) and the mixture as heated at reflux for 30 minutes. 122  Once cooled, a solution of 
pyrrole (10 g, 0.15 mol) in dry ether (30 cm 3)  was added slowly over 45 minutes. This 
was heated at reflux for 30 minutes once the addition was complete. Myristoyl chloride 
(37.02 g, 0.15 mol) in dry ether (20 cm 3)  was added dropwise to this solution. The 
mixture was heated at reflux for one hour, left to cool for 15 hours and poured into cold 
water (100 cm 3). The layers were separated and the product was extracted from the 
aqueous solution with ether (3 x 100 cm 3). The extracts were combined, washed with 
water (2 x 100 cm 3), dried (MgSO4) and concentrated under vacuum to give 2-
tridecylpyrrole (36.34 g, 87%) as a light brown solid mp 62-66 °C (from hexane); 
212 
(Found: M, 277.2409. C18H31N0 requires M, 277.2406); 6H  9.38 (IH, br s), 7.02 (IH, 
m), 6.90 (1H, m), 6.27 (1H, m), 2.74 (21 -1, t, 3J7.0), 1.72 (21-1, t, 3J7.0), 1.24 (20H, m) 
and 0.86 (3H, t 3J7.0); 5c  168.36 (q), 135.14 (q), 126.47, 122.81, 119.77, 31.99, 31.67, 
29.58, 29.51, 29.42, 29.27, 29.11, 28.10, 28.04, 21.89 and 14.03; nilz 278 (M+l)', 
(electrospray). 
C 13 H27 ON N-carbethoxyhydrazone of 2-tridecylpyrrole 
H 	N., N IIH 
2-Tridecylpyrrole (6.93 g, 25 mmol) and ethyl carbazate 2.60 g (25 mmol) were heated 
in isopropanol at reflux for 24 h. The isopropanol was removed under vacuum to give 
N-carbethoxyhydrazone of 2-tridecylpyrrole (6.08 g, 67%) as a yellow solid mp 62-63 
°C (from ether). Found: C, 69.3; H, 10.6; N, 11.5. C21H37N302 requires C, 69.4; H, 10.3; 
N, 11.6%); 8H9.61 (11-1, brs), 7.70 (11-1, brs), 6.86 (1H, m), 6.43 (IH, m), 6.21 (11 -1, m), 
4.32 (211, q, 3J7.0), 2.52 (21-1, t, 3J6.9), 1.67 (211, m), 1.36 (3H, t, 3J7.0), 1.28 (20H, m) 
and 0.90 (31-1, t 3J 6.9); 6c  161.24 (q), 151.84 (q), 135.71, 128.91 (q), 124.11, 119.77 (q), 
108.14, 60.24, 31.84, 31.71, 29.50, 29.39, 29.28, 29.18, 28.45, 27.87, 22.54, 18.11 and 
14.03; nilz 364 (M+1)t (electrospray). 
1-Tridecyl-3H-pyrrolo[1,2-d][1,2,4]triazin-4-one 240 
N-carbethoxyhydrazone of 2-tridecylpyrrole (6.34 g, 20.0 mmol) was dissolved in a 
sodium propoxide solution [(from sodium (0.46 g) and n-propanol (150 cm 3)], and 
heated at reflux for 40 h. The solvent was removed in vacuo to give 1-tridecyl-3H-
pyrrolo[1,2-d][1,2,4]triazin-4-one (3.71 g, 59%) as a pale yellow solid mp 103-104 °C 
(from toluene); (Found: M, 317.2471. C,91-131N30 requires M, 317.2467); 8H9.74  (1H, 
br s), 7.74 (111, m), 6.72 (11-1, m), 6.71 (111, m) 2.74 (21-1, t, 3J 7.6), 1.72 (211, m), 1.24 
213 
(20H, m) and 0.84 (31-1, t, 3J7.6); 8c  145.34 (q), 144.21 (q), 125.88 (q), 116.96, 115.04, 
108.76, 31.79, 31.75, 29.52, 29.41, 29.25, 27.36, 22.57 and 14.00; m/z 318 (M+l), 
(electrospray). 
1-Tridecyl-3H-6-chloropyrrolo[1,2-d][1,2,4]triazin-4-one 241 
I -Tridecyl-3H-pyrrolo[ 1 ,2-d] [1 ,2,4]triazin-4-one (0.317 g, 1 mmol) and N-
chiorosuccinimide (NCS) (0.135 g, 1 mmol) were dissolved in warm chloroform (6 cm 3 ) 
and heated at reflux for 30 mins. The solution was cooled, washed with dilute aqueous 
sodium carbonate (IM, 5 cm 3),  extracted with chloroform (2 x 5 cm3), dried over 
MgSO4 and concentrated in vacua to give 1-tridecyl-3H-6-chloropyrrola[1,2-
d][1,2,4]triazin-4-one (0.26 g, 74%) as a cream solid mp 73-75 °C (from toluene) 
(Found: C, 65.0; H, 8.5; N, 12.0; C19H30C1N30 requires C, 64.8; H, 8.6; N, 11.9%); 5H 
10.32 (1 H, br s), 6.51 (211, m), 2.72 (21-1, t, 3J7.5), 1.73 (21-1, m), 1.22 (20H, m) and 0.85 
(3H, t, 3J7.5); Sc 145.21 (q), 143.10 (q), 126.11 (q), 122.57 (q), 116.91, 106.47, 31.87, 
31.61, 28.88, 29.21, 29.13, 26.68, 22.22 and 13.84; nilz 353 (M, 19%), 351 (Mt, 52), 
196 (24), 185 (51), 183 (100), 126(14), 56(41). 
No 2-Trifluoroacetylpyrrole 242 
To a solution of pyrrole (10 g, 0.15 mol) in toluene (25 cm 3) at 0 °C was added 
1,1,1 ,5,5,5-hexafluoroacetic anhydride (31.5 g, 0.15 mol) in toluene (30 cm 3)  over 1 h 
with stirring, the bath was maintained at 0 °C for a further hour. The solution was 
poured into water (50 cm3 ) and extracted with toluene (3 x 30 cm 3). This solution was 
dried over MgSO4 and concentrated in vacua to give a dark residue, which was steam 
distilled and the product was extracted with ether (3 x 30 cm 3) dried over MgSO4 and 
214 
concentrated in vacuo to yield 2-trifluoroacetylpyrrole (15.9 g, 65%) as colourless 
crystals mp 47-48 °C (from hexane) (lit., 123 46-47 "C); oH 10.58 (1H, hr s), 7.30 (1H, m), 
7.26 (lET, m), 6.41 (IF, m); 0c  170.28 (q, q, 2  J 36), 129.94, 125.73 (q), 122.28 (q, 3JF 
3), 116.98 (q, q, 'JF288), 112.61; 5F-72.65; ,n/z 162 (M-l) (electrospray). 
N-Carbethoxyhydrazone of 2-trifluoroacetylpyrrole 
2-Trifluoroacetylpyrrole (1 .16 g, 7.1 mmol) and ethyl carbazate (0.75 g, 7.1 mmol) were 
stirred in acetic acid (90 cm 3) at room temperature for 40 h. The acetic acid was 
removed under vacuum to give a mixture of starting material and products that was 
purified by column chromatography (hexane / ethyl acetate) to give N-
carbethoxyhydrazone of 2-trjfluoroacetylpyrrole (0.57 g, 32%) as a yellow solid mp 
122-124 "C (Found: C, 43.3; H, 4.2; N, 17.1. C9H10F3N302 requires C, 43.4; H, 4.0; N, 
16.9%); SH 9.62 (IF, hr s), 8.91 (IF, br s), 7.03 (IF, m), 6.69 (11-1, m), 6.37 (IF, m), 
4.28 (2H, q, 3J, 7.1), 1.26 (3H, t 3J, 7.1); 6c  153.47 (q), 131.88 (q, q, 2 J 35), 122.77, 
120.52 (q, q, Jp 275), 115.40(q), 113.47, 110.10, 62.55, 14.01; Op -67.29; mlz 248 (M-
I) - (electrospray). 
1-Trifluoromethyl -3H-pyrrolo[ 1 ,2-d][1,2,4]triazin-4-one 243 
The N-carbethoxyhydrazone of 2-trifluoroacetylpyrrole (0. 175 g, 0.7 mmol) was 
dissolved in a sodium propoxide solution [(from sodium (16 mg) and propanoi (10 
cm3)], and heated at reflux for 60 h. The solution was concentrated under vacuum and 
the residual sodium salt was stirred with hydrochloric acid (5%, 3 cm3) and extracted 
from the aqueous solution with dichloromethane (3 x 10 cm 3). The extracts were 
combined, dried (MgSO4) and concentrated under vacuum to give ]-trzfluoromethyl-3m 
215 
pyrrolo[1,2-d][1,2,4]triazin-4-one (0.10 g, 70%) as a brown solid mp 168-169 °C (from 
toluene) (Found: C, 41.3; H, 2.2; N, 20.5. C7H4F3N30 requires C, 41.4; H, 2.0; N, 
20.7%); 6H ([2H6]DMSO) 7.88 (1H, q 3J, 1.4), 6.89 (2H, m); 6c  ([ 2H6]DMSO) 144.10 
(q), 130.60 (q, q, 2  J 37), 120.87 (q), 120.85 (q, q, 1 JF 273), 118.67, 116.69, 109.73 (q, 
4JF 1.5), oF ([ 2H6]DMSO) -67.85; nilz 202, (M-I) (electrospray). 
1-Trifluoromethyl-3H-6-bromopyrrolo[1,2-d][1,2,4]triazin-4-
one 244 
I -Trifluoromethyl-3H-pyrrolo[ 1 ,2-d] [1 ,2,4]triazin-4-one (0.20 g, 1 mmol) was dissolved 
in warm chloroform (5 cm 3 ) and the solution was cooled to room temperature, bromine 
(0.10 g, 0.6 mmol) in chloroform (1.5 cm3) was added and the solution was left to stand 
for 1.5 h. The precipitate was collected and dried to give I-tr:jluoromethyl-3H-6-
bromopyrrolo[I,2-d][1,2,4]triazin-4-one (0.12 g, 43%) as a pale yellow solid mp 141-
143 °C (from ethanol) (Found: C, 29.8; H, 1.2; N, 14.8. C7H3BrF3N30 requires C, 29.8; 
H, 1.1; N, 14.9%); 8H  9.42 (1H, br s), 6.77 (21-1, m); 8c  141.81 (q), 132.71 (q, q, 2  J 36), 
121.45 (q), 121.71 (q, q, VF 274), 118.14 113.14, 110.74 (q, 4JF 1.5); SF -66.14; m/z 282 
(M-1), 280 (M-1)- (electrospray). 
(_ 1 F o 4..oxo..4..PYn.o1..2..YI..2233.tetrafluorobutanoicc acid 245 
NOH 
To a solution of pyrrole (0.86 g, 13 mmol) in toluene (25 cm 3) at 0 °C was added 
tetrafluorosuccinic anhydride (2.2 g, 13 mmol) in toluene (15 cm 3)  over I h with stirring, 
the bath was maintained at 0 °C for a further hour. The solution was poured into water 
(50 cm3) and extracted with toluene (3 x 30 cm 3 ). This solution was dried over MgSO4 
and concentrated in vacuo to give 4-oxo-4-pyrral-2-yl-2,2,3,3-tetra fluorobutanoic acid 
216 
(2.89 g, 95%) as a pink solid mp 29-30 °C (from methanol) (Found: C, 39.9; H, 2.2; N, 
5.8. C8H5F4NO3 requires C, 40.2; H, 2.1; N, 5.9%); 8H  (DMSO) 12.51 (1 H, br s), 7.40 
(lH, m), 7.16 (11-1, m), 6.36(111, m); 5c([2H6]DMSO)  172.81 (q, t, 2JF26), 160.93 (q, t, 
2  J 28), 130.77, 126.63 (q), 121.87 (q, 4JF 5), 112.26, 111.16 (q, tt, t Jp 266, 2Jp 28), 
108.63 (q, tt, 'JF  266, 2JF 28); SF ([ 2H6]DMSO) -116.86 (t, 3J 4.4), -121.34 (t, 3J 4.4); 
nilz 239 (Mt, 100%), 195 (35), 128 (51); v /cm 1941, 1856. 
4.5 	 Preparation of 3-Hydroxypyrroles. 
0 
EtO2C Ethyl 3-amino-2-chloroacetylcrotonate 249 
Cl 
Me NH2 
To a solution of ethyl 3-aminocrotonate (4.0 g, 29 mmol) in ether (100 CM), pyridine 
(1.6 g) was added and the solution was cooled in ice. 	A solution of 1- 
chioroacety1chloride (2.25 g, 19 mmol) in ether (10cm 3 ) was then added dropwise to the 
stirred solution. A mixture of the title compound and pyridinium chloride precipitated 
out of the ether solution. After 30 mm. the ether was poured off and water was added to 
dissolve the pyridine hydrochloride, the product was collected and washed with ether to 
give ethyl 3-amino-2-chloroacetylcrotonate (3.4 g, 85%) as white crystals mp 126-128 
°C (from ethanol) (lit.,"' 127-128 °C) 6. ([ 2H6]DMSO) 4.46 (211, s), 4.10 (21-1, q 
7.0), 2.19 (31-1, s) and 1.22 (311, t 3J 7.0); Sc  ([2H6]DMSO) 189.10(q), 170.43 (q), 168.13 
(q), 99.04 (q), 59.74, 49.28, 22.62 and 14.16. 
Et02 C 	OH 
Me 	N 	Ethyl 3-hydroxy-5-methylpyrrole-4-carboxylate 248 
H 
Ethyl 3-amino-2-chloroacetylcrotonate (0.3 g, 1.5 mmol) was finely crushed and added 
to a cooled solution of potassium hydroxide (0.3 g, 5.4 mmol) in ethanol (3 cm 3). The 
mixture was cooled and stirred for I h, concentrated hydrochloric acid was carefully 
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added until the solution was acidic and the solid product was collected and washed with 
a minimum amount of ice-cold water (to remove potassium chloride) to give ethyl 3-
hydroxy-5-methylpyrrole-4-carboxylate (1 g, 67%) as a white solid mp 215°C (from 
ethanol, decomp.) (lit., 125 213 °C, decomp.) 511 ({ 2H6IIDMSO) 53% keto (A) / 47% enol 
(B) 10.68 (111, B; br s), 9.36 (IH, A, br s), 7.66 (IH, B, s),6.05 (111, B, d, 3J 2.5), 4.18 
(211, B, q, 3J 7.0), 4.05 (2H, A, q, 3J 7.0), 3.81 (2H, A, d, 3J 2.5), 2.40 (311, A, s), 2.29 
(311, B, s), 1.25 (3M, B, t, 3J7.0), 1.18 (314, A, t, 3J7.0); 6c  ([2H6]DMSO) 193.31 (q, B), 
181.20 (q, A), 166.23 (q, A or B), 163.60 (q, A or B), 145.13 (q, A), 130.92 (q, B), 
100.85 (q, A or B), 99.83 (q, A or B), 98.12 (B), 58.87 (B), 58.07 (A), 54.52 (A), 17.28 
(A), 14.64 (A or B), 14.55 (A or B), 13.68 (B). (Insoluble in [2H]chloroform); m/z 170 
(M+l) FAB. 
Ethyl 3-anilino-2-chloroacetylacrylate 251 
A solution of aniline (1.13 g, 12.2 mmol) and triethyl orthoformate (3 g, 20.3 mmol) in 
isopropanol (15 cm3) was added to a solution of ethyl 4-chloroacetoacetate (1.97 g, 12.0 
mmol) in glacial acetic acid (1 cm 3) and the mixture was stirred at 40 °C for 5 h. The 
solution was cooled and scratched to give ethyl 3 -anilino-2-chloroacetyl acryl ate (2.2 g, 
65%) mp 82-84 °C (from ethanol) (lit.,"' 83 °C); 8H 12.62 (11-1, d, 3J 13.0), 8.54 (1 H, d, 
3J 13.0), 7.43-7.17(511, m), 4.84 (21-1, s), 4.25 (2H, q, 3J7.0) and 1.33 (3M, t, 3J7.0); 6c 
191.92 (q), 166.02 (q), 152.82, 138.35 (q), 129.85, 126.11, 117.79, 100.37 (q), 60.20, 
50.36 and 14.32. 
EIO2 C 	OH 
Ethyl 3-hydroxy-1-phenylpyrrole-4-carboxylate 250 
Fh 
Potassium hydroxide (0.5 g, 9 mmol) was crushed and dissolved in ethanol (3 cm 3 ) at 
10 °C. Ethyl 3 -ani lino-2-chloroacetyl acryl ate (1.00 g, 3.72 mmol) was finely crushed 
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and added to the cooled mixture and stirred for 1 h. Concentrated hydrochloric acid was 
carefully added until the solution was acidic and the solid product was collected and 
washed with a minimum amount of ice-cold water (to remove potassium chloride) to 
give ethyl 3-hydroxy-1-phenylpyrrole-4-carboxylate (0.58 g, 67%) as a white solid mp 
84-85°C (from ethanol) (ht.,"' 83 °C). 5n 10% keto (A)/90% enol (B); 9.01 (1H, A, s), 
7.45-7.27 (5H, A+B, m), 7.30 (1H, B, d, 3J 2.5), 6.62 (1H, B, d, 3J 2.5), 4.33 (21-I, B, q, 
'J 7.1), 3.69 (2H, A, q, 3J 7.1), 1.36 (314, B, t, 3J 7.1) and 1.22 (3H, A, t, J 7.1); 8c  (B) 
166.54 (q), 162.72 (q), 147.33 (q), 139.74 (q), 129.55, 126.49, 120.29, 118.97, 102.49, 
59.98 and 14.27. 5H([2H61DMSO)  6% keto (A) / 94% enol (B); m/z 231 (Mt, 28%), 186 
(23), 185 (100), 129(14), 118 (26), 104 (40), 91(12), 86 (34) and 84(56). 
Fl 
N CO2Me t 	Dimethyl 2-N-(carbethoxymethylamino)maleate 253 
EtO2C 
Glycine ethyl ester hydrochloride (1.56 g, 11 mmol) was treated with sodium hydroxide 
(2M, 20 cm) to liberate the free base and a solution of dimethyl acetylenedicarboxylate 
(DMAD) (1.40 g, 10 mmol) in methanol (7 cm 3)  was added dropwise with stirring at 0 
°C (lit., 130). The solution was stirred for a further 1.5h (monitored by tic). The excess 
DMAD was removed in vacuo to give dimethyl 2-N-(carbethoxymethylamino)maleate in 
73% yield mp 38 °C (from methanol) (Found: M, 245.0902. C,0H15N05 requires M, 
245.0899); 8H  8.34 (1 H, br s), 5.35 (1H, s), 4.17 (2H, q, 
3j 7.1), 4.17 (2H, s), 3.75 (3H, 
s), 3.65 (3H, s) and 1.22 (3H, t, 3J7.1); 5, 170.20 (q), 170.02 (q), 163.71 (q), 148.85 (q), 
90.06, 61.17, 52.47, 50.72, 45.84 and 13.92; m/z 245 (M, 50%), 214 (23), 213 (16), 199 
(30), 172 (100), 140 (100), 112 (82), 82 (39), 45 (6 1) and 30(66). 
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4.6 	 Preparation of 3-Hydroxythiophenes. 
MeO 2C 	0 
4,5-Bismethoxycarbonyltetrahydrothiophen-3-one 269 
MeO2C 
Methyl thioglycolate (2.0 g, 18 mmol) was dissolved a sodium methoxide solution 
[from sodium 1.1 g and methanol (15 cm3)], dimethyl fumarate (2.68 g, 18 mmol) was 
added and the solution was heated at reflux for 3 h. The solution was poured into water 
(20 cm 3) and extracted with toluene (3 x 20 cm 3). The aqueous layer was acidified with 
concentrated hydrochloric acid (2M, 5 cm3 ) and re-extracted with toluene (3 x 20 CM), 
the combined organic extracts were dried over MgSO4 and concentrated in vacuo to give 
4,5-bismethoxycarbonyltetrahydrothiophen-3-one (2.76 g 70%) as a colourless liquid, 
distilled bp 90°C (0.05 Ton) (lit., 136  130-140°C (1 Ton); 5H 83% enol (A) / 17% one 
(B) 11.06 (1 H, A, br s), 4.61 (1 H, A, d, 4J 3), 3.98 (1 H, B, dd 4J4, J 16), 3.88 (1 H, B, d 
4J5), 3.77 (3H, B, s), 3.76 (3H, B, s), 3.74 (3H, A, s), 3.71 (3H, A, s) and 3.75-3.42(411, 
A and B, m); 6c 202.89 (q, B), 174.52 (q, A), 172.27 (q, A), 170.89 (q, B), 168.63 (q, 
A), 166.72 (q, B), 99.19 (q, A), 56.73 (B), 53.17 (B), 53.02 (B), 52.58 (A), 51.81 (A), 
47.04 (A), 43.79 (B), 37.26 (B) and 35.81 (A). 
MeO2C.y0H 
3-Hydroxy-4,5-bismethoxycarbonylthiophene 268 
-o MeO2C s 
Hydrogen peroxide (30%, 25 cm 3)  was added dropwise during 2 H to a refluxing solution 
of 4,5-bismethoxycarbonyltetrahydrothiophen-3-one (13.2 g, 61 mmol) in methanol (100 
cm3). The yellow solution was heated under reflux for a further I H, cooled and poured 
with rapid stirring into a mixture of ice (100 cm 3) and sodium metabisulfite (20 g). The 
crude product was extracted with dichloromethane (3 x 30 cm 3), dried over MgSO4 , 
concentrated in vacuo and distilled to give 3-hydroxy-4,5-bismethoxycarbonylthiophene 
268 (5.2 g,41%) as a colourless liquid (bp.130 °C (0.05 Ton) which solidified on 
standing to give 3-hydroxy-4,5-bismethoxycarbonyltetrahydrothiophene 268 as fine 
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colourless needles mp 102-104°C (from aqueous methanol) (lit.i 37  103-105 °C); oH 9.43 
(I H, br s), 7.34 (1H, s), 3.91 (3H, s) and 3.89 (311, s); oc 166.17 (q), 162.75 (q), 161.74 
(q), 136.58 (q), 123.62 (q), 109.02, 52.64 and 52.24. 






3-Amino-4-methoxycarbonylthiophene (0.16 g, 1.0 mmol) was dissolved in pyridine (5 
cm3) and p-toluenesulfonyl chloride (0.19 g, 1.0 mmol) was added. The mixture was 
stirred and heated at reflux for 30 mm. The mixture was cooled, washed with 
hydrochloric acid (2M, 5 CM)  , extracted with ethyl acetate (3 x 10 cm 3) and dried 
(MgSO4). The solvents were removed in vacuo to give 4-methoxycarbonyl-3-p-
toluenesulfonamidothiophene (2.10 g, 67%) as a white solid mp 125-126 °C (from 
methanol) (Found: C, 50.4; H, 4.2; N, 4.6. C13H13N04S2 requires C, 50.2; H, 4.2; N, 
4.5%); 6H  9.21 (1H, br s), 7.91 (IH, d, 4J 2.5), 7.68 (2H, d, 3J 8.5), 7.18 (2H, d, 3J 8.5), 
7.13 (1H, d, 4J2.5), 3.79 (31-1, s) and 2.33 (3H, s); 6c 163.71 (q), 143.76 (q), 135.89 (q), 
135.62 (q), 133.00, 129.39, 126.96, 121.56 (q), 109.00, 51.86 and 21.29; m/z 310 (M-I) 
(electrospray). 
Me02C 	NHSOr_/j__Me 4,5-Bismethoxycarbonyl-3-p- 
/ \ 	 toluenesulfonamidothiophene 271 
MeO2C 
3-Amino-4,5-bismethoxycarbonylthiophene (0.22 g, 1.0 mmol) was dissolved in 
pyridine (5 cm3) and p-toluenesulfonyl chloride (0.19 g, 1.0 mmol) was added. The 
mixture was stirred and heated at reflux for I h. The mixture was cooled, washed with 
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hydrochloric acid (2M, 5 cm3), extracted with ethyl acetate (3 x 10 cm 3) and dried 
(MgSO4). The solvents were removed in vacuo to give 4,5-bismethoxycarbonyl-3p 
toluenesulfonamidothiophene (0.27 g, 75%) as a white solid mp 110-112 °C (from 
ethanol) (Found: C, 48.7; H, 4.0; N, 3.6. C15H15N06S2 requires C, 48.8; H, 4.1; N, 
3.8%), 8H  8.29 (1H, hr s), 7.58 (2H, d, 3J 8.5), 7.36 (114, s), 7.19 (2H, d, 3J 8.5), 3.80 
(3H, s), 3.70 (3H, s) and 2.34 (3H, s); 8c  163.47 (q), 161.02 (q), 144.05 (q), 135.42 (q), 
135.16 (q), 135.04 (q), 129.52, 126.86, 126.01 (q), 116.53, 52.73, 52.49 and 21.30; mJz 
m/z 368 (M-1)- (electrospray). 
4.8 	Preparation of 2.4-bis(trifluoromethyl)- I ,5-benzodiazepine. 
N 	CF3 
'- H 2,4-Bis(trifluoromethyl)-1,5-benzodiazepjne 273 
A mixture of o-phenylenediamine (2.06 g, 19 mmol), 1,1,1,5,5,5-hexafluoropentane-24-
dione (4.0 g, 19 mmol) and 8 drops of concentrated hydrochloric acid were heated at 
reflux for 30 mm. On cooling, colourless crystals formed that were collected. These 
crystals were dissolved in ether (50 cm 3),  washed with water (2 x 20 cm 3 ), dried with 
MgSO4, and concentrated in vacuo to give 2,4-bis(trzfluoromethyl)-],5-benzodiazepjne 
(4.6 g, 86%) as a pale brown solidmp 208-210 °C (from chloroform); (Found: C, 47.3; 
H, 2.1; N, 9.9. C11H6F6N2 requires C, 47.2; H, 2.2; N, 10.0%); Si- 7.61-7.46 (414, m) and 
3.22 (2H, s); 6c  144.18 (q, q 2  J 37), 137.33 (q), 129.20, 128.36, 126.67 (q, q 1 JF 273) 
and 29.76; 8F  -71.45; m/z 280 (M i, 65%), 211 (41), 175 (100), 161 (28), 147 (8), 142 
(36) and 32(61). 
Attempted preparation of 2,4-bis(trifluoromethyl)-9-nitro-1,5-benzodiazepjne 
A mixture of 4-nitro-1,2-phenylenediamine (2.91 g, 19 mmol), 1,1,1,5,5,5-
hexafluoropentane-2,4-dione (4.0 g, 19 mmol) and 8 drops of concentrated hydrochloric 
acid were heated at reflux for 30 mm. On cooling, no crystals formed, thus the mixture 
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was dissolved washed and dried to give starting material only. 
NO2flN 	
1-H-2-Trifluoromethyl-6-nitrobenziniidazole 275 
As an alternative route to the benzodiazapine, 4-nitro- 1 ,2-phenylenediamine (0.76 g, 5.0 
mmol) was dissolved in ethanol (10 cm 3), 1,1,1,5,5,5-hexafluoropentane-2,4-dione (4.0 
g, 19 mmol) and acetic acid (5 cm 3) were added and the solution was heated at reflux for 
30 mm. The cooled solution was concentrated in vacuo to give a brown solid that was 
dissolved in dichloromethane (20 cm 3),  washed with water (2 x 20 CM)  , extracted with 
dichloromethane (2 x 20 cm 3), dried with MgSO4, and concentrated in vacuo to give 1-
H-2-truoromethy1-6-nitrobenzimidazo1e (3.99 g, 91%) as the only product mp 263-264 
°C (from methanol) (Found: C, 41.3; H, 1.9; N, 18.3. C8H4F3N30 2  requires C, 41.6; H, 
1.7; N, 18.2%); 5H ([2H6]DMSO) 8.58 (IH, d, 4J2), 8.16 (1H, dd 4J2, 3J9), 7.82 (1H, 3J 
9); 5c([2H6]DMSO)  145.21 (q, q 2JF36), 143.47 (q), 143.00 (q), 139.74 (q), 123.25 (q, q 
'JF, 274), 118.76, 116.62, 114.71; 6F  ([2F16]DMSO) —65.03; m/z 231 (M t , 66%), 230 
(40), 121 (29) and 59 (100). 
Attempted preparation of 2,4-bis(trifluoromethyl)-9-
methoxycarbonyl-1,5-benzodiazepine 
A mixture of 4-methoxycarbonyl-1,2-phenylenediamine (3.15 g, 19 mmol), 1,1,1,5,5,5-
hexafluoropentane-2,4-dione (4.0 g, 19 mmol) and toluene-sulfonic acid (5 mg) in 
ethanol (30 cm 3)  were heated at 40 °C for 2 h. The solvents were removed in vacua to 
give a mixture that showed the presence of the title compound initially, but following the 





N 	methoxycarbonylbenzimidazole 276 
H 
A mixture of 4-methoxycarbonyl-1,2-phenylenediamine (3.15 g, 19 mmol), 1,1,1,5,5,5-
hexafluoropentane-2,4-dione (4.0 g, 19 mmol) and acetic acid (5 cm 3)  were heated at 
reflux for 30 mm. The solution was cooled, water (20 cm 3)  was added and the product 
was extracted with ethyl acetate (2 x 20 cm 3 ), dried over MgSO4 and concentrated in 
vacuo to give 1-H-2-trjfluoromethyl-6-methoxycarbonylbenzimidazole (2.04 g, 44%) as a 
light brown solid mp 204-205 °C (from ethanol) (Found: C, 49.3; H, 2.9; N, 11.3. 
C10H7F3N202 requires C, 49.2; H, 2.9; N, 11.5%); ö ([ 2H5]DMSO) 8.58 (1H, d, 4J 2), 
8.16 (1 H, dd 'V 2, 3J 9), 7.82 (IH, 3J 9); 5c  ([2H5]DMSO) 145.21 (q, q, 2 J 36), 143.47 
(q), 143.00 (q), 139.74 (q), 123.25 (q, q, VF 274), 118.76, 116.62, 114.71; op 
([2H5IDMSO) —65.03; nv'z 245 (M+1) (electrospray). 
4.9 	Preparation of 7-phenyl-2,3A5 -tetrahydro- 1 ,4-diazepine-5-one. 
7-Phenyl-2,3,4,5-tetrahydro-1,4-diazepine-5-one 277 
Ethylenediamine (6.6 cm 3 , 0.1 mol) was dissolved in xylene (100 cm 3 ) and the solution 
was heated to refiux. A solution of ethyl benzoylacetate (17.4 ern 3, 0.1 mol) in xylene 
(10 cm) was added over 40 min and the mixture was heated at reflux for a further I h. 
Chloroform (60 cm3) was added to the cooled solution and 7-phenyl-2,3,4,5-tetrahydro-
1,4-diazepine-5-one (3.2 g, 17%) precipitated as a yellow solid mp 209-211 °C (from 
ethanol) (lit., 14(' 210-212 °C); 8H ([2H6IDMSO) 7.51 (21-1, m), 7.39 (31-1, m), 7.36 (11-1, hr 
s), 7.19 (1 H, hr s), 4.54 (1H, s), 3.45 (41-1, m); 8c  ([2H5]DMSO) 170.48 (q), 152.44 (q), 
139.60 (q), 129.31, 128.40, 127.08, 91.49, 47.73, 42.62; mlz 188 (M, 100%). 
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4.10 	 Preparation of azamethine dyes. 
General procedure for the formation of azamethine dyes. 
The coupler (10 mmol) was added to a solution of sodium carbonate 0.5 M [from 
Na2CO3 (5.3 g) in water (100 cm 3)], 4-diethylamino-2-methylaniline hydrogen chloride 
(CD2) (2.15 g, 10 mmol) was added followed by the addition of potassium persulfate 
(2.70 g, 10 mmol) with stirring. This addition caused the solution to darken rapidly, the 
solution was stirred for a further 30 mm, water (50 cm 3) was added, followed by ethyl 
acetate and the organic later was separated. The aqueous layer was extracted with ethyl 
acetate (5 x 30 CM),  combined, dried (MgSO4) and concentrated under vacuum at a 
moderate temperature to give the dyes that were purified by column chromatography. 
In most of the reactions below there was insufficient pure material for NMR spectra, 
thus only accurate mass data is given. 
NNH2 
2-H-2-Amino-3,4-dicyano-5-(4-diethylamjno-2. 
/ 	CN methylphenylimino)pyrrole 132 
MeCN 




/ 	CN 153 
MeCN 














Mp 128-130 °C (from toluene) (Found: (M+l), 455.16901 C22H20F6N4 requires M, 
455. 16704. 
Me 
Et2N__6_N=N___NEt2  2,2'-dimethyl-4,4 1 - 
Me 
	 diethylaminoazobenzene (Oxidised CD2) 
To a solution of sodium carbonate 0.5 M [from Na2CO3 (2.7 g) in water (50 cm')], 4-
diethyl amino-3-methylaniline hydrogen chloride (CD2) (2.15 g, 10 mmol) was added 
followed by the addition of potassium persulfate (1.35 g, 5 mmol) with stirring. This 
addition caused the solution to darken, the solution was stirred for a further 30 mm, 
water (25 cm 3) was added, followed by ethyl acetate and the organic later was separated. 
The aqueous layer was extracted with ethyl acetate (5 x 20 cm 3),  combined, dried 
(MgSO4) and concentrated under vacuum to give 2,2'-dimethyl-4,4'-
diethylaminoazobenzene (0.32 g, 18%) as a red gum. (Found: (M-1-1), 353.2626 
C221-132N4 requires M, 353.2627); 8H  6.60 (6H, m), 3.20 (81-1, q, 3J, 7.1), 2.16 (61-1, s), 
1.08 (12Ff, t, 3J, 7.1); 6c 141.70 (q), 135.94 (q), 123.74 (q), 118.27, 116.30, 114.42, 
45.55, 17.77, 12.34; mlz 353 (M+1)FAB. 
The following azamethine dyes were synthesised on a qualitative scale to assess their 
colour; their accurate masses are given in tables 51 and 52. 
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Table 51. 
R R' Formula Found Requires 
Me H C,91122N40 322.1791 322.1794 
Et Me C21H25N40 350.2111 350.2107 
CF3 Me C20H21N40F3 390.1671 390.1667 
Me 3-Me C20H24N40 336.1953 336.1950 
Ar = 	_-----NEt2 
Table 52. 	 Me 
Dyes Formula Found Requires 
CF3 
11 








C19H20N20S2 356.1016 356.1017 
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